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Abstract
Sugarcane (Saccharum spp) production is an integral part of Louisiana's economy. Proper
fertilizer management, particularly nitrogen (N) and potassium (K), optimizes sugarcane
production. An experiment was established in 2015 at the LSU AgCenter Sugar Research Station
in St. Gabriel, Louisiana to: (1) assess the effect of N and K fertilizer sources on sugarcane yield
and quality parameters, and (2) monitor the changes in inorganic N and K levels in the soil at
different sugarcane growth stages. The experiment was arranged in a randomized complete block
design on a Sharkey clay soil and complete randomized design on a Commerce silt loam soil
with four replications. Data were collected from control (0) and treated plots with 45, 90 and 135
kg N ha-1 using controlled-release fertilizer (CRF) (Agrocote Max®, 45% N) and urea
ammonium nitrate (UAN, 32% N). Potassium treatments included data from the control (0) and
90 kg ha-1 applied as 100% muriate of potash (MOP, 60% K) and 50% MOP + 50% Agrocote
KCl ® (61% K). Soil (0-15 and 15-30 cm depths) and leaf samples were collected (every two
weeks from fertilization), dried and analyzed for N and K content. At harvest, ten stalks were
collected, shredded, and analyzed for quality parameters using a SpectraCane NIR system. Plot
yields were determined using a combine harvester and a weigh-wagon. Results of this study
showed positive impact of CRF on sucrose, TRS, and polarity in Sharkey clay soil with a net
return profit of $218 ha-1 higher than UAN. The UAN solution performed better on Commerce
silt soil with a net return of $496 ha-1 higher than CRF. Also, both N sources showed higher
inorganic N concentration in 0-15 cm depth on Sharkey clay soil. The MOP+ CR-K was more
beneficial than 100% MOP on Sharkey clay soil, making $155 ha-1 higher than 100% MOP.
Sugarcane on Sharkey clay soil had the most K response compared to Commerce silt soil. This

vii

study shows the potential of CRF as a source of N and K in certain soil types, and the
effectiveness of UAN as N source in Louisiana sugarcane production.

viii

Chapter 1. Introduction
Sugarcane (Saccharum spp) is a perennial grass that thrives well in tropical and warm
temperate areas (Verheye, 2010; Zhao and Li, 2015). Sugarcane is a tropical plant and therefore
cannot survive freezing temperatures; and it is dependent on abundant sunlight for vigorous
growth ( Vaughan, 2003; FAO, 2017). It is an important industrial crop with a four-carbon (C4)
cycle photosynthetic pathway used for sugar and bioenergy production (Rein and Mathias,
2011). It is of the genus Saccharum and has five existing species (Barnes, 1974). Two wild (S.
spontanium and S. robustum) and three cultivated (S. officinarum, S. barberi, and S. sinense)
(Barnes, 1974; Vaughan, 2003). Commercial hybrids of Saccharum officinarum species are the
most commercial cultivated species for sugar production worldwide, because its sugar
concentration is very high compared to the other species, making it uniquely desirable to the
industry (Vaughan, 2003).
Sugarcane yields flowers and seed at maturity just like other grasses, but the results from
seed germination by different genetic manipulations are not always desirable and cannot
maintain certain features consistently (Vaughan, 2003). Additionally, sugar extraction
efficiencies are greater if the sugarcane is harvested before flowering (Vaughan, 2003).
Therefore, sugarcane is reproduced from sections (billet) or whole stalks containing nodes
(“eye”), well spread in furrows and covered completely with soil (Gravois et al., 2014). The
sugarcane production cycle typically lasts three to six years in most countries, of which two to
five harvests are made (Rein and Mathias, 2011). The cane is harvested by cutting the emergent
stem (or stalk) at the ground (Vaughan, 2003; Gravois et al., 2014). The roots left in the ground
after cutting the stem are allowed to regrow or “ratoon”. The first crop that develops from the
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planted sets is called “plant cane” and the successive crops are termed “first ratoon” (“first
stubble”), “second ratoon” (“second stubble”) etc. (Vaughan, 2003).
Sugar concentration in the growing cane reduces with successive “ratoon” crops, so after
two to three harvests, the old roots are removed and a new “billet” or “whole stalk” is planted to
start the cycle over (Rein and Mathias, 2011). Cane tonnage at harvest can range between 50 and
150 Mg ha-1 or more, and this may depend mainly on the length of the total growing period and
whether it's a “plant cane” or a “ratoon” crop (FAO, 2017). Near maturity, vegetative growth
slows down but cane sucrose increases significantly, however, sucrose content seems to reduce
slightly with increased cane yields (FAO, 2017).
Sugarcane is viewed as one of the world’s most important crops which offers production
alternatives to food, such as feed, fiber and energy (FAO, 2006). According to FAO (2017), the
total harvested area for sugarcane for the 2016 year was estimated to be around 26 million
hectares. The yield for that same year averaged 70.6 Mg ha-1 (FAO, 2017). According to the
South African Department of Agriculture, Forestry and Fisheries (2014), sugar is produced in
over 100 countries and the world’s sugar production is over 165 million tons per year, out of
which about 80 percent is produced from sugarcane. The leading sugar exporting countries from
the year 2010 through 2014 were: Brazil, Thailand, India, Australia, and Guatemala, as they
accounted for 68 percent of the global export (Taylor and Koo, 2015).
Sugarcane production in Louisiana is an integral part of the state's economy, and it is the
leading row crop produced in the state (Legendre, 2001; Gravois et al., 2014). The competitive
nature of the sugar industry triggered by research advances in both production and processing,
now contributes more than $3 billion annually to the state’s economy (Salassi, 2008). Sugarcane
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in the state is grown in more than 22 parishes in the south-central part of the state, extending
from Rapides Parish near the center of the state to Lafourche Parish south of New Orleans and to
the west near Lake Charles in Calcasieu Parish (USDA, 2014). In 2014, USDA ranked Louisiana
first in the US in sugarcane acreage harvested with 49 percent of the US acreage and 43 percent
of the US production. About 804 producers cultivate nearly 223,000 hectares including fallow
land with 162,000 hectares harvested for sugar and 11,000 hectares harvested for seed (USDA,
2014). Sugarcane is usually planted in August through October. Late planting dates have shown
significantly lower yield in both “plant cane” and first “ratoon” (Viator et al., 2005).
The soils of Louisiana represent one of the state’s valuable resources (Howard and
Norrell, 2017). The diverse soils across the state are derived from sediments left behind by
flooding, mainly due to the many rivers in Louisiana. Over one-fourth of the total land area has
rich alluvium soil deposited by the overflow of its rivers and bayous (Howard and Norrell,
2017). The material from the sediments, called alluvium, is rich in nutrients considering the high
amount of organic material incorporated into it during deposition (Weindorf, 2008). Because of
very high rainfall in Louisiana (1270-1651 mm annually), nutrients like nitrogen (N) can be
readily lose out of the root zone, causing poor soil fertility. Different soil textures are also found
across the State. Clay soils such as the Sharkey, Schriever, Barbary and Fausse series are very
common in areas of recent Mississippi River alluvium. Some examples of Silty soils found
include, Frost, Memphis and Calhoun series (Weindorf, 2008).
Sugarcane, like many other row crops require 17 essential elements (nutrients) to grow
and function. Out of these 17 essential nutrients, three are non-mineral elements, thus; carbon –
C, hydrogen and oxygen which the plant gets from water, oxygen and carbon dioxide (Calcino et
al., 2000). The other 14 essential elements which are of mineral sources, provided by the soil and
3

added fertilizers are grouped into macro- and micro nutrients (Calcino et al., 2000). The macro
nutrients, used in the greatest quantity by the plant consist of primary (nitrogen, phosphorus and
potassium – K) and secondary (sulfur, magnesium and calcium) elements (Ridge, 2013). The
remaining essential elements are classified as micro-nutrients. Sugarcane also requires large
quantities of silicon, which is a beneficial element. Some factors that limit nutrient absorption are
type of ion, soil pH, solubility of ion pairs, water, soil oxygen, plant stress, temperature, and soil
nutrient levels (Flynn, 2010).
Cane and sugar yields will decrease if even just one of the 17 essential and beneficial
nutrients is in short supply, even though there may be good quantities of all the others (Calcino et
al., 2000). Fertilizers may increase desirable plant growth only if the plant is lacking in the
nutrient applied and other growth factors are not also significantly limiting plant growth
(Whiting et al., 2015). In Louisiana, fertilizer and lime application form part of the highest cost
in producing sugarcane. Considering this, soil testing is recommended to avoid incurring
unnecessary cost (Gravois et al., 2014). Sugarcane N fertilizer recommendation for Louisiana is
between 67 to 135 kg N ha-1. The two major essential nutrients to be focused in this study are
nitrogen (N) and potassium, which also happens to be the nutrients used in large quantities in
Louisiana sugarcane production.
1.1. Nitrogen (N)
Nitrogen is supplied to the plant by fertilizers, residual nitrogen in the soil,
decomposition of organic matter and atmospheric sources N (Gravois et al., 2014). Most farmers
use manure and urea as their sources of N (Kułek, 2015). Managing N is necessary to profitable
and sustainable sugarcane production (Muchow, 1996). This is because of its greatest influence
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of all elements on root quality (Emara et al., 2012). Cane grown on inadequate N although may
have high sucrose percentage and low impurities, but roots and sucrose production in general
may be limited (Azzazy, 2004) because of low biomass. Putting up the right amount of N is very
critical for the normal growth of the plant, as too much N increases root impurities and reduces
sucrose percentage and consequently limits refined sucrose production (Emara et al., 2012). Like
most other intensive agricultural production systems, large quantities of N fertilizer are needed to
maximize sugarcane yield (Keating et al., 1997). Yield limitations caused by insufficient N
supply can have a large negative impact on profitability, it may decrease fresh millable stalk or
cane yield (Muchow, 1996).
1.2. Nitrogen Transformation
Nitrogen is very dynamic in nature. It can be transformed into different forms through
processes such as; nitrification, denitrification, mineralization, immobilization and
ammonification. The determining factors for these transformation processes could be the soil
moisture, temperature, texture, organic matter, plant uptake and biological activity. According to
the International Plant Nutrition Institute (IPNI) nutria-facts No. 1, every 0.4 hectare of land in
the world is covered by about 34, 000 Mg N, although the amount released and available for
plant uptake is relatively small. Some authors have suggested that the C to N ratio of the forest
floor strongly influences ecosystem N retention (McNulty et al., 1996; Gundersen et al., 1998)
and bioavailability of C in soils is expected to be a key determinant of soil N cycling (Compton
and Boone, 2002).
According to Herrmann (2003), mineralization is the transformation of N from the organic state
(amino acid, protein) into the inorganic forms (NH4+ and NO3-) by soil microbes. Nitrogen in
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organic materials is first broken down by microorganisms before being used by plants. Velthof et
al. (2011) gave the equation below to represent mineralization
RNH2 + H2O + H+ → ROH + NH4+; where R means organic carbon compounds.
The process of mineralization of organic N causes the formation of NH4+-N, which is further
converted into compounds necessary for nitrification and the cycle is closed (Kułek, 2015). This
conversion is facilitated by microbes and other soil organisms that release, or mineralize,
nutrients as a by-product of their consumption of detritus (Robertson and Groffman, 2015).
All living things require N, hence, microbes in the soil compete with crops for N.
Immobilization is the reverse of mineralization. The process in which and NO3-- N and NH4+-N
are taken up by soil microbes and make them unavailable to crops is known as immobilization
(Johnson et al., 2005). When materials with a high C:N ratio are incorporated into the soil (e.g.
sawdust, straw), biological activity will increase and the demand for N will be greater, thus result
in N immobilization (Johnson et al., 2005). This may only be a temporary, as microbes release
back the locked N into the soil system, making it available for plants by the processes known as
mineralization and nitrification.
The N in most plants and animals exists in the form of protein derived from the
decomposition of dead plant and animal tissue. Various bacterial, fungi and prokaryotes then
decompose the tissue and release inorganic N into the ecosystem as ammonia (NH3) in the
process known as ammonification (Bernhard, 2010). This NH3 is now available for uptake by
plants and other microorganisms for their development. In addition to the ammonification of
organic molecules, compounds such as urea go through the ammonification process (Reddy and
Patrick, 1984). The bacteria involved in this process are called ammonifying bacteria and
6

examples are: Bacillus, Clostridium, Proteus, Pseudomonas, and Streptomyces (Reddy and
Patrick, 1984). Ammonification of organic compounds is a very important step in the cycling of
N in soil.
According to Reddy and Patrick (1984), nitrification is defined as the biological
oxidation of NH4+-N to NO3--N. This process is known to take place in two stages as a result of
the activity of chemoautotrophic bacteria of the genera Nitrosomonas (NH4+→ NO2) and
Nitrobacter (NO2 → NO3) (Verstraete and Focht, 1977). Nitrification in most soil is a major
source of soil acidity, which can have a number of effects on ecosystem health, such as
mobilization of toxic metals and the hydrologic loss of base cations as hydrogen ions displace
other cations from exchange sites (Robertson and Groffman, 2015). The process generates a very
small amount of energy relative to many other types of metabolism (Bernhard, 2010).
Denitrification is defined as the biological reduction of NO3--N to gaseous end products
such as molecular N2 or N2O (Keeney et al., 1971; Reddy and Patrick, 1984). This occurs when
soils are waterlogged and anaerobic conditions exist (Meier et al., 1996). The denitrifying
organisms can use NO3 N as an electron acceptor during respiration (Reddy and Patrick, 1984).
The return of fixed N (i.e., NO3) to the atmosphere in a biological inert form (N2) makes
denitrification an important process (Bernhard, 2010). This may be particularly important in
agriculture because the loss of NO3 in fertilizer is detrimental and costly (Bernhard, 2010).
Plant Available Nitrogen (PAN) is the amount of N made available during the growing
season of the plant (Logy et al., 2007). Nitrogen exists in the soil in two major forms: 1) organic:
such as, soil organic matter, soil microorganisms and plant residues. 2) Inorganic, as mineral N.
Organic N represents more than ninety percent of total N in the soil but not readily available for
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plant uptake (Angus et al., 2013). It must first be mineralized into inorganic form by soil
microbes before it can be used by plants (Angus et al., 2013). Inorganic N is present in the soil as
NH4 and NO3 and it is readily available for plants uptake.
1.3. Nitrogen Losses
Plant available N can be lost through several ways such as immobilization, leaching,
denitrification and volatilization. Nitrate N is critical for supporting plant growth, but can be lost
from the root zone following high precipitation or during irrigation in a process called leaching
(Nakamura et al., 2004; Angus et al., 2013). The mobility of NO3--N makes it vulnerable to
leaching (Lehmann and Schroth, 2003). Leaching may be dependent on soil texture: thus, it is
higher in coarse-textured (sandy) soils than fine-texture soils within areas of high rainfall (Angus
et al., 2013). Leaching losses are minimal in clayey soils, because of the tiny pore spaces
between particles of this soil type.
The loss of N in the form of NH3 gas from the soil into the atmosphere is known as NH3
volatilization. Volatilization of NH3 is most likely to take place when soils are humid and warm
and the source of N (urea) is on or near the soil surface (Killpack and Buchholz, 1993; Jones et
al., 2013). Ammonia volatilization has received considerable attention in recent years because
the loss occurs very soon after fertilizer application (Fenn and Hossner, 1985). High soil pH and
high temperatures increase rates of volatilization because they increase soil concentrations of
NH3 dissolved in soil water and warm soil water cannot hold as much NH3 gas (Jones et al.,
2013). According to Killpack and Buchholz (1993), NH3 volatilization can be reduced if manure
and urea fertilizers are applied when soil and air temperatures are cool or when rain occurs soon
after application.
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1.4. Nitrogen Management in Sugarcane Production
Nitrogen fertilizers are extensively used to increase sugarcane yield (Franco et al.,
2011). Application rates normally follow yield-based recommendations established to reduce
risk of N deficiency (Legendre, 2001). Nitrogen rates recommendation in sugarcane are usually
based on factors such as; soil type (light or heavy), stand age (plant cane or ratoon cane)
(Legendre, 2001). In Louisiana sugarcane production, N recommendation rates are: 67 to 90
kilograms per hectare for plant cane on a light soil, 90-112 kilograms per hectare for plant cane
on heavy soil, 90-112 kilograms per hectare for stubble cane on light soil and 90-135 kilograms
per hectare for stubble cane on heavy soil (Gravois et al., 2014).
Application timing for N is between April 1 – April 30, even though nitrogen
applications done in May yield almost the same as those done in April (Legendre, 2001). When
N is deficient, the plant shows stunted growth, yellowing of lower leaves with a die-back of the
leaf tips and edges of the leaves, and low yields (Schroeder, 2015). Most farmers are not risk
takers and therefore may apply N fertilizer that exceeds agronomic targets. Research has shown
that excess N can lead to prolonged vegetative growth and decreased sucrose concentration due
to increased moisture in stalks (Muchow and Robertson, 1994). According to Das (1936), high N
fertilization can decrease sucrose content.
1.5. Potassium
Farmers have been using K for many years in the form of manures and ashes to increase
the fertility of their land, until it was fully understood and established by the Chemist Liebig in
the 1840s (Ricaud, 1965). Potassium, which is absorbed as K+, is the most abundant cation
accumulating in the cell sap of sugarcane (Ng Kee Kwong, 2002). It has several roles in the plant
9

such as: regulating the opening and closing of stomata by guard cells in the leaf, maintenance of
cell turgidity, translocation of sugars and forming starch, encouraging root growth and increasing
crop resistance to diseases (Ricaud, 1965; Flynn, 2010; Gopalasundaram et al., 2012). Potassium
is mobile in the plant and its deficiency symptoms will be manifested in the older group of
leaves. Deficiency may cause reduced growth, short internodes, burned or scorched leaf
margins, necrotic (dead) spots in the leaf and a tendency to wilt readily (Ng Kee Kwong, 2002;
Hunsigi 2011). Excess K can provoke N deficiency in plants and may affect the uptake of other
positive ions (Flynn, 2010). Potassium can leach through the soil in the event of excess rain or
irrigation.
Improving cane quality is one of the most important means for maximizing profitability
in the sugarcane industry (Ng Kee Kwong, 2002). Application of K often increases the
percentage of sugar in the cane and juice recovery, particularly when harvest is delayed (Hunsigi,
2011). Sugarcane has a unique source-sink system that stores photosynthate as soluble
disaccharide and sucrose, which can reach high concentrations, up to 18% of cane fresh weight
in commercial sugarcane varieties (Inman-Bamber, et al., 2011; Wang et al., 2013). As the cane
grows, sucrose synthesized in leaves is translocated through phloem to stem internodes
(McCormick et al., 2008; Wang et al., 2013).
1.6. Controlled-Release Fertilizer (CRF)
In sugarcane production, proper nutrient management is very critical. It is linked with
fertilizer type, the right rate, the right time and the right place to ensure good health, quality and
high yield of the cane (Mikkelsen, 2011; Liu et al., 2014). Shaviv (2000) reported that, the
effectiveness of nutrient supply in increasing nitrogen use efficiency (NUE) and at the same time
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minimizing environmental problems depends principally on two factors, thus: matching nutrient
supply with plant demand and maintaining nutrient availability. Although, any supply of
nutrients exceeding plants uptake ability is likely to be loss to the environment.
Another possible source for improving NUE in a long-cycle crop, like sugarcane, is the
use of a controlled release fertilizer (CRF) (Trenkel, 1997). According to the Association of
American Plant Food Control Officials (AAPFCO), a CRF is a fertilizer containing a plant
nutrient in a form which delays its availability for plant uptake and use after application
(Trenkel, 1997; Chandrika and Harvey, 2010). CRF are usually coated or encapsulated with
inorganic or organic materials that may control their rate, pattern, and time of plant nutrient
release (Du et al., 2006). The basic technique is to cover a conventional soluble fertilizer with a
protective coating, which is of a water-insoluble or semi-permeable material (Trenkel, 1997).
As the interest of CRFs grows, research is leading to the generation of information
pertaining to its use and advantages. According to Trenkel (2010), CRF can decrease nutrient
losses and enhanced NUE. Thus, the application of CRF can potentially decrease fertilizer use by
20 to 30 percent of the recommended rate of a conventional fertilizer, while obtaining the same
yield (Trenkel 2010). Because at any time only a small fraction of the nutrient is in soluble form,
leaching and runoff losses are reduced (Liu et al 2014) with the use of CRF. In places where
conventional fertilizers are applied more than ones, there is a reduced labor because, CRF when
applied ones can last throughout the critical growth stage of most crops (Liu et al. 2011). This
can help farmers to save some money intended for labor. Zvonmuya and Rosen (2001) reported a
significantly increased in potato marketable yield using CRF, whiles maintaining tuber specific
gravity.

11

There is now a better understanding of nutrient release pattern, quantity and duration
(Trenkel 2010); knowing this may help in developing a good fertilizer program. In some cases,
the application of sulfur-coated urea can lower soil pH in alkaline soils for better bioavailability
of some nutrients (Liu et al., 2011). Although, a more multidisciplinary study may be helpful to
address fertilizer-related risk to the environment, CRFs in many studies had proven to positively
impact the environment (Zvonmuya and Rosen, 2001; Trenkel, 2010; Liu et al., 2011). In
Louisiana, investigation of CRFs potential for major row-crop production, like sugarcane, is
needed to generate enough information for efficient nutrient management.
1.7. Statement of Purpose
Sugarcane is an important crop in Louisiana, and fertilizer management plays a key role
in cane tonnage as well as cane quality. Improving NUE in the state’s sugarcane production
system has been a challenge, with the high annual rainfall and the use of soluble fertilizers. The
search for alternative fertilizer sources prompted us to evaluate CRF for N and K. Therefore, the
purpose of this study was to evaluate and compare controlled release nitrogen and potassium
fertilizers to the existing soluble fertilizer sources (urea ammonium nitrate and soluble potassium
chloride), as to their effects on: cane tonnage, NH4 and NO3 content of soil, and primary quality
parameters. Since there are documents on CRFs’ use in Louisiana sugarcane production, this
study also aimed to generate information, of which future fertilizer management
recommendations could be based on.
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Chapter 2. Evaluate the Performance of Controlled-Release Nitrogen
Fertilizer in Louisiana Sugarcane (Saccharum spp) Production
2.1. Introduction
Sugarcane (Saccharum spp) is a tall perennial tropical grass (Glyn, 2004), which belongs to
the genus Saccharum L., of the family Poaceae (Australian government, 2011). It is an important
industrial crop with a four carbon (C4) cycle photosynthetic pathway used for sugar and
bioenergy production (Rein and Mathias, 2011). Most of the world’s sugarcane is grown in
tropical and subtropical locations, and it is the principal sugar source for the world (Muchovei et
al., 2005). The most favorable climate for the optimum growth of sugarcane is warm and moist
(Verheye, 2010) condition.
The plant yields flowers and seed at maturity just like other grasses, but the results from
seed germination by different genetic manipulations are not always desirable and cannot
maintain certain features consistently (Vaughan, 2003). Therefore, sugarcane is reproduced from
sections (billet) or whole stalks containing nodes (“eye”), well spread in furrows and covered
completely with soil (Gravois et al., 2014). Additionally, sugar extraction efficiencies are greater
if the sugarcane is harvested before flowering (Vaughan, 2003). Gravois et al. (2014) pointed out
that the success of a sugarcane farming operation depends on the ability to develop good stands
of plant cane and maintain them for stubble (ratoon) crops. Sugarcane production cycle typically
lasts three to six years in most countries, of which two to five harvests are made (Rein and
Mathias, 2011). The cane is harvested by cutting the emergent stem (or stalk) at the ground
(Vaughan, 2003; Gravois et al., 2014). The roots left in the ground after cutting the stem are
allowed to regrow or “ratoon”. The first crop that develops from the planted sets is called “plant
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cane” and the successive crops are termed “first ratoon” (“first stubble”), “second ratoon”
(“second stubble”) etc. (Vaughan, 2003).
Sugarcane is viewed as one of the world’s most important crops which offers production
alternatives to food, such as feed, fiber and energy (FAO, 2006). In 2016, the food and
agricultural organization (FAO) estimated the total harvested area to be around 26 million
hectares, and the yield for that same year was 70.6 Mg ha-1 (FAO, 2017). In Louisiana,
sugarcane is an integral part of the state's economy, and it is the leading row crop produced in the
state (Legendre, 2001; Gravois et al, 2014). The economic impact attributed to sugarcane in the
state is more than $3 billion annually (Salassi, 2008). Sugarcane is grown in more than 22
parishes in the south-central part of the state, extending from Rapides Parish near the center of
the state to Lafourche Parish south of New Orleans and to the west near Lake Charles in
Calcasieu Parish (USDA, 2014). About 804 producers cultivate nearly 223,000 hectares
including fallow land with 162,000 hectares harvested for sugar and 11,000 hectares for seed
(USDA, 2014). The cane is usually planted in August through October. Late planting dates have
shown significantly lower yield in both “plant cane” and first “ratoon” (Viator et al., 2005).
Sugarcane demands large quantities of water and therefore requires soils with
considerable water holding capacity. Parent material characteristics and soil formation factors
have been studied and said to contribute to variability of soil properties (Johnson and Richard,
2005). For this reason; clays, loams and alluvial deposits, with large amounts of humus are
suitable for its production (Deerr and Rodger, 1911). Although sugarcane will relatively grow in
most soils if it receives the recommended fertilizer and care demanded by the plant, vigorous
growth with high sugar-rich juice may require well drained and deep soil (Nielson and Hughes,
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2004). Thus, the physical properties of the soil are as important as its chemical attributes (Tan,
1995; Nielson and Hughes, 2004).
Deerr and Rodger (1911) recorded that the soils of the sugar belt lying along the
Mississippi River and its numerous bayous, varies from silty loams to very stiff clays. The
soils of Louisiana represent one of the state’s valuable resources (Howard and Norrell, 2017).
These diverse soils are derived from sediments left behind by flooding, mainly due to the many
rivers in Louisiana (Weindorf, 2008). Over one-fourth of the total land area has rich alluvium
soil deposited by the overflow of its rivers and bayous (Howard and Norrell, 2017). The material
from the sediments, called alluvium, is rich in nutrients considering the high amount of organic
material incorporated into it during deposition (Weindorf, 2008). Different soil textures are also
found across the State, like the clay soils (Sharkey, Schriever, Barbary and Fausse series), very
common in areas of recent Mississippi River alluvium (Weindorf, 2008).
Nitrogen is the most limiting nutrient in sugarcane production, because it is chemically
dynamic and exists in many forms that are not immediately available for plant uptake (Vitousek
et al., 1997). Nitrogen is supplied to the plant by fertilizers, residual N in the soil, decomposition
of organic matter and atmospheric sources of N (Gravois et al., 2014). Managing N is necessary
to profitable and sustainable sugarcane production (Muchow, 1996). This is because of its
greatest influence of all elements on root quality (Emara et al., 2012). Cane grown on inadequate
N may have high sucrose percentage and low impurities, however roots and sucrose production
in general may be limited because of low biomass (Azzazy, 2004). Putting up the right amount of
N is very critical for the normal growth of the plant, as excess of it may increase root impurities
and reduce sucrose percentage and consequently limits refined sucrose production (Emara et al.,
2012). Yield limitations caused by insufficient N supply can have large negative impact on
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profitability arising from reduced fresh millable stalk or cane yield (Muchow, 1996; Keating et
al., 1997).
Nitrogen is very dynamic in nature. It can be transformed into different forms through
nitrification, denitrification, mineralization, immobilization and ammonification. Factors
affecting these transformation processes include soil moisture, temperature, soil texture, organic
matter content, plant uptake and biological activity. According to the International Plant
Nutrition Institute (IPNI) nutria-facts No. 1, every 0.4 hectare of land in the world is covered by
about 34,000 Mg of N, although the amount released and available for plant uptake is relatively
small. Some authors have suggested that the C to N ratio of the forest floor strongly influences
ecosystem N retention (McNulty et al., 1996; Gundersen et al., 1998) and bioavailability of C in
soils is expected to be a key determinant of soil N cycling (Compton and Boone, 2002).
Some producers may apply chemical nutrients like N in levels exceeding agronomic
targets, for reasons such as; risk management and relatively low cost (Yadav et al., 1997). Plant
available N can be lost through several ways such as immobilization, leaching, denitrification
and volatilization. Nitrate N is critical for supporting plant growth, but can be lost from the root
zone following high precipitation or during irrigation in a process called leaching (Nakamura et
al., 2004; Angus et al., 2013). The mobility of NO3--N makes it vulnerable to leaching (Lehmann
and Schroth, 2003). Leaching may be dependent on soil texture: thus, it is higher in coarsetextured (sandy) soils within areas of high precipitation (Angus et al., 2013), while minimal in
clayey soils, because of the tiny pore spaces between particles of this soil type. Excess N in the
environment may have higher risk and cost on society (Williamson, 2011). Excessive N to the
environment contributes to eutrophication of waterways, limiting commercial and recreational
opportunities (U.S. Environmental Protection Agency, 2006).
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Urea ammonium nitrate (UAN) is the common N source used in Louisiana sugarcane
production. Application rates normally follow yield-based recommendations established to
reduce risk of N deficiency (Legendre, 2001). Nitrogen rate recommendations are usually based
on soil type (light or heavy) and crop age (plant cane or stubble cane) (Legendre, 2001).
Nitrogen recommendation rates for sugarcane production in Louisiana are: 67 to 90 kg ha-1 for
plant cane in a light soil, 90-112 kg ha-1 for plant cane in heavy soil, 90-112 kg ha-1 for ratoon
cane in light soil and 90-135 kg ha-1 for ratoon cane in heavy soil (Gravois et al., 2014).
Application timing for N is between April 1 – April 30, even though nitrogen applications done
in May yield almost the same as those done in April (Legendre, 2001).

Proper nutrient management is very critical in cane production. It is linked with fertilizer
type, right rate, right time and the right place to ensure good health, quality and high yield of the
cane (Mikkelsen, 2011; Liu et al., 2014). Shaviv (2000) reported that, the effectiveness of
nutrient supply in increasing nitrogen use efficiency (NUE) and at the same time minimizing
environmental problems depends principally on two factors, thus: matching nutrient supply with
plant demand and maintaining nutrient availability.
Another possible source of N for improving NUE in a long cycle crop, like sugarcane, is
the use of a controlled-release fertilizer (CRF) (Trenkel, 1997). The use of CRF may be an
alternative to quick release fertilizers to increase NUE and also minimize nutrient losses,
particularly N, to the environment (Zhao et al., 2013). According to the Association of American
Plant Food Control Officials (AAPFCO), a CRF is one containing plant nutrient in a form which
delays its availability for plant uptake and use after application (Trenkel, 1997; Chandrika and
Harvey, 2010). Controlled-release fertilizers are usually coated or encapsulated with inorganic or
organic materials that may control their rate, pattern, and time of plant nutrient release (Du et al.,
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2006). The basic technique is to cover a conventional soluble fertilizer with a protective coating,
which is of a water-insoluble or semi-permeable material (Trenkel, 1997). The type of material
used in the coating of CRF is very important to releasing the nutrient (Li et al., 2012). The
thickness of the coating membrane, temperature, granule radius and soil microbes’ activities may
also play a critical role in the control of nutrient release (Du et al., 2008; Kaplan et al., 2013).
The advantages of using CRF do not only consist of profitability, but also for decreases in
environmental contamination (Tian et al., 2016). Trenkel (2010) mentioned that the use of CRFs
have decreased nutrient loss. The use of CRF has an advantage in terms of reducing cost of
production, since fertilization can be done one time instead of multiple times in some crops (Liu
et al., 2014). Moreover, CRF can help in better fertilization planning since its nutrient release
pattern is pre-determined (Trenkel, 2010). The majority of sugarcane farmers in Louisiana use
UAN as source of N. Although some have tried other N sources, there is very little information
documented about it. In addition, the lack of documented information with field performance of
CRF and the relatively high cost discourage most producers from adopting CRF technology
(Zhao et al., 2013).
The main objective of this study was to evaluate the performance of controlled-release N
technology in Louisiana sugarcane production in reference to conventional N fertilizer (UAN),
using cane tonnage, sugar yield and primary quality components of cane (Brix, theoretical
recoverable sugar -TRS, sucrose and polarity.) as metrics. The specific objectives of this study
were to: 1) document the distribution and changes in soil nitrate and ammonium content of plots
treated with controlled-release N source and UAN, 2) determine the optimal N rate requirement
of sugarcane using UAN and controlled-release N as sources, and 3) evaluate net return of using
controlled-release N technology over UAN in Louisiana sugarcane production.
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2.2. Materials and Methods
2.2.1. Location, site description, and trial establishment
The study was established at the LSU AgCenter Sugar Research Station in St. Gabriel,
LA (Latitude 30°, 15’, 13” N; Longitude 91°, 06’, 05” W) from August 2015 to December 2017.
The field was planted to one of the most prevalent cane varieties in Louisiana sugar industry, L
01-299. This variety was derived from the cross made between L 93-365 as the female parent
and LCP 85-384 as a male parent (Gravois et al., 2011). It has a high population of mediumsized stalks with excellent ratooning ability, and excellent sugar yield potential (Gravois et al.,
2012). The experiment was established on two fields of different soil properties. The first field
consisted of 43 % Sharkey clay, 29 % Commerce silt loam soil, and 28 % Commerce silty clay
loam. The second field consisted of 100% Commerce silt loam soil (Soil Survey Staff, 2016).
Composite soil samples were collected from both fields and analyzed for soil pH and Mehlich-3
extractable plant-essential nutrients in order to correct any deficiency. This was to ensure that N
and K were the only limiting nutrients in the two fields. Plots in the first field were made of three
15 meter-long by 1.8 meter-wide rows and the second field had three 12 meter-long by 1.8
meter-wide rows with 1.5 meter-long alley between plots. Hereafter, the first field is termed
Sharkey clay soil and the second field as Commerce silt soil.
Using a whole-stalk harvester, stalks of sugarcane with an average of 1.2 to 1.8 m in
length were cut and piled into hauling equipment. Planting was done manually with whole stalk
canes, by placing three to four stalks side by side into opened furrows with an 8 cm overlap in a
horizontal position. After planting, furrows were covered with soil and then compacted using a
custom roller packer, with the aim of conserving soil moisture during the germination process.
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The treatments for this study were superimposed in a two-large field trials with treatment
structure consisted of eighteen combinations of urea-ammonium nitrate (UAN, 32% N) and
controlled-release fertilizer (Agrocote Max®, 45% N) at rates of 45, 90, and 135 kg N ha-1 in
mid-March and mid-April (Table 2.1). All N sources were applied with 90 kg ha-1 of potassium
as muriate of potash (MOP, 60% K) and MOP + Agrocote KCl ® (61% K). Control plots were
included and all treatments were replicated four times on a randomized complete block design
(Sharkey clay) and a completely randomized design (Commerce silt). Granular N fertilizers were
applied by hand, evenly spread on the rows of plot which received such treatments, while liquid
fertilizer was applied using an applicator with ‘knife-shaped’ bars into the sides of each row in
the plots which received this treatment. Furrows were tilled and covered immediately following
N application.

Table 2. 1. Treatment structure description for Sharkey clay and Commerce silt soil at the LSU
AgCenter Sugar Research Station in St. Gabriel, LA for the year 2016 and 2017.
Treatment

N Source and Rate
CRF

1
2
3
4
5
6
7

K Source and Rate
UAN

MOP

----------------------------kg ha-1---------------------------------------------------0
90
45
90
90
90
134
90
45
90
90
90
134
90

CRF: controlled-release fertilizer
UAN: urea ammonia nitrate
MOP: muriate of potash
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Table 2. 2. Soil type and composition for both experimental sites at the LSU AgCenter Sugar
Research Station in St. Gabriel, LA.
Site

Soil Type

Classification

% composition

Commerce silty clay
loam

Fine-silty, mixed, superactive,
nonacid, thermic Fluvaquentic
Endoaquepts
very fine, smectic, thermic Chromic
Epiaquerts
fine-silty, mixed, superactive,
nonacid, thermic Fluvaquentic
Endoaquepts

Sharkey clay

Sharkey clay
Commerce silt Commerce silt loam

35.5

65.5
100

Table 2.2 presents the sites, soil types and their percentage compositions for which this
project was undertaken. The Sharkey clay soil is composed of fine-silty, mixed, superactive,
nonacid, thermic Fluvaquentic Endoaquepts and very fine, smectic, thermic Chromic Epiaquerts.
And the Commerce silt soil is composed of 100% fine-silty, mixed superactive, nonacid, thermic
Fluvaquentic Endoaquepts. Before planting and fertilizer application, composite soil samples
were taken from the two sites for chemical analysis (Table 2.3).

Table 2. 3. Average values of the basic soil properties of both experimental sites before fertilizer
application (sampling depth is 0-15cm).
Soil type

Ca

Mg

K

P

S

-------------------(mg kg-1)--------------------

pH

O.M.

(1:1 water) (%)

Sharkey clay

2219

466

165

45.7

8.5

5.3

2.1

Commerce silt

2587

352

200

128

16.3

7.1

2.1

2.2.2. Soil and leaf tissue sampling
Soil samples and leaf tissue samples were collected at an interval of 14 days from the
time of fertilizer application. Sixteen core samples with 0-30 cm depth were collected. Core
26

samples were divided into 0-15 and 15-30 cm sections and then homogenized. Soil samples were
immediately oven-dried at 60oC for at least 48 hours, processed using a Humboldt electric flail
soil grinder and passed through a 2 mm sieve for NH4+, NO3- analysis. For each sampling, at
least 20 leaves (2nd dewlap or fully collared leaf) were collected from each plot. Leaf tissue
samples were oven dried at 60oC, processed and passed through a 2 mm sieve for total N and K
content analysis.
2.2.3. Soil analysis
To determine soil inorganic N content, the standard extraction procedure for NH4+-N and
NO3--N was used. Five grams of dried soil was weighed into a 125 ml plastic bottle and 35 ml of
1 M KCl solution was added using a dispensing bottle. The samples were then shaken for one
hour on a reciprocal shaker at high speed and filtered using Whatman No. 42 filter paper.
Ammonium-N and NO3--N were then determined by spectrophotometric measurement using an
automated flow injection system (Lachat QuickChem 8500 series 2).
Nitrate was determined using the method established by Keeney and Nelson (1982)
where NO3- is converted to nitrite while passing through a copper cadmium reduction column
and then reacting with the coloring reagent sulfanilamide to produce a reddish pink color under
the acidic condition, quantified colorimetrically at 530 nm. Ammonium was determined
similarly to the proposed procedure by Reardon et al. (1966). Exchangeable NH4+ was analyzed
for ammonia by the salicylate method. When NH4+ present in the sample reacts is heated with
salicylate and hypochlorite in an alkaline phosphate buffer environment, a blue-green color is
produced. The color is intensified by adding sodium nitroprusside, concentration can then be
measured colorimetrically at 660 nm.

27

2.2.4. Leaf tissue analysis
Total leaf N content was determined using the CN dry combustion method with the
Elementar CN analyzer, vario EL cube. Twenty milligrams of the dried and ground sample was
weighed into a tin foil capsule using the analytical micro-balance and forceps, and then
introduced into the CN analyzer. Inside the flash combustion, the plant tissue is converted into a
quick and quantitative way in its gaseous components. For the determination of N and C content,
the bulk material is first converted to pure N2 and CO2. Nitrogen and CO2 are separated by a
chromatographic column held at an isothermal temperature (Elementar Americas Inc, vario El
cube).
2.2.5. Cane tonnage, sugar yield and quality components
Total plot weight for sugarcane stalk was determined with a single-row, chopper
harvester (CASE IH Austoft® 8000 series cane harvester). The weight was taken with a modified
single axle high dump billet wagon fitted with electronic load sensor cells (Cameco Industries,
Thibodaux, LA). At harvest, ten whole plants were collected from the middle row of each plot,
cleaned (leaves were removed off from the stalk), and tops were cut about 10 cm below the
apical meristem. The weight of the ten stalks was added to the total plot yield. It is important to
mention that average stalk weight was determined from the stalk sample weights. Stalk samples
were then shredded and analyzed by SpectraCane automated NIR analyzer (Bruker Corporation,
Billerica, Masachussets) to determine quality parameters such as theoretical recoverable sugar
(TRS), sucrose, brix (total soluble solids), purity, polarity, percent fibers and moisture content.
Sub sample of shredded stalk was collected for each plot and placed into a paper bag, oven-dried
at 60oC for at least five days. The dried samples were further milled using a Wiley Mill grinder
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(Model No3, Arthur H. Thomas CO. Philadelphia, USA), and passed through a 2-mm sized sieve
and then analyzed for total N (%) using CN analyzer (same process described in leaf tissue
analysis).
2.2.6. Data analysis
Statistical analysis was performed for all the data collected in each site-year using SAS
9.4 (SAS Institute Inc., 2012). Two-way (source and rate) analysis of variance (ANOVA) using
PROC MIXED procedure was performed to determine the effect on cane tonnage, sugar yield
and primary quality components, (TRS, sucrose, Brix and Polarity). Net return to N fertilizer was
computed using the optimal N rate for each N source as the N (cost of N per kg of each of the
source) and price of sugar. The pattern of NH4+ and NO3- content of soil within the two-year
period was summarized using Excel. A simple contrast analysis was performed for N source
(main effect) since level factor was only 2 i.e. CRF vs UAN. Orthogonal polynomial contrast
(linear, quadratic, and cubic) analysis was performed to determine the effect of N rate when a
significant effect of treatment was found.
2.3. Results
2.3.1. Climate conditions
Climate has influence on agronomic activities, specifically on fertilization and nutrient
management. Extreme precipitation and temperature conditions can impact negatively cane
production during their critical growth stages. The average monthly temperature and
precipitation for the two cropping years (2016, 2017), for this study is presented in Figure 2.1
and Figure 2.2, respectively. Data for these figures were collected from Louisiana State
University (LSU) AgCenter Louisiana Agriclimatic Information System
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(www.weather/lsuagcenter.com). The highest temperatures for both cropping years were
recorded from June through September, where temperatures recorded above 20oC (Figure 2.1).
In general, both years seemed to have recorded similar temperature ranges (figure 2.1).
The highest average monthly precipitation for 2016 and 2017 year was noted in the
months of August (about 50 cm) and May (above 30 cm), respectively (Figure 2.2). In August
2016, the state recorded one of its highest precipitations (about 50 cm), which caused flooded
conditions in most of the sugarcane producing parishes (Figure 2.2). Too much moisture could
create a favorable condition which may influence NO3- to leach beyond the roots zones of crops.
If this happens during the critical growth stages of the crop, then it could eventually affect yield.
Since the flooded condition in the year 2016 was in August, it delayed harvesting of sugarcane in
most production areas in the state.

Figure 2. 1. Average monthly temperature from January to December in 2016 and 2017 at the
LSU AgCenter Sugar Research Station in St. Gabriel, LA.
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Figure 2. 2. Average monthly precipitation from January to December in 2016 and 2017 at the
LSU AgCenter Sugar Research Station in St. Gabriel, LA.

2.3.2. Determination of optimal N rate requirement
Nitrogen source had no significant effect on cane tonnage, sugar yield and quality
parameters in first ratoon crop on Sharkey clay and plant cane on Commerce silt soil for the year
2016. The results of ANOVA showed that source, N rate and their interaction had no effect on
tonnage, sugar yield and quality components of cane in 2016 first ratoon crop on Sharkey clay
(Table 2.4,). Linear, quadratic and cubic trend was only performed for parameters with
significant difference. In 2016 plant cane on Commerce silt soil, N rates had no significant effect
on cane tonnage, therefore, no trend analysis was performed. Plots fertilized with N had higher
cane tonnage and sugar yield than the control plots (p<0.05), but CRF as a source was not
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significantly different from UAN (Table 2.6). There was a significant effect of N sources on
quality parameters of cane on Sharkey clay in 2017 (p<0.05).
In 2017 second ratoon crop on Sharkey clay soil, the CRF-treated cane obtained higher
TRS, sucrose content and polarity, but had lower Brix than UAN-treated cane. Nitrogen rate had
a linear relationship with cane tonnage and sugar yield in the Sharkey clay soil, but no
interaction was found between N sources and rates for the 2017 year (Table 2.6). In 2017 first
ratoon crop on Commerce silt soil, N-treated plots were significantly higher than control (no N)
plots, considering cane tonnage, sugar yield and Brix as parameters (Table 2.7). According to
ANOVA, N fertilization had no significant effect on quality parameters (TRS, sucrose, polarity)
on Commerce silt soil for 2017 first ratoon crop (Table 2.7).
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Table 2. 4. Means and analysis of variance (ANOVA) for the effect of N source and rate on yield and quality parameters of first ratoon
crop on Sharkey clay soil in 2016, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
≠

Cane tonnage

Sugar yield

TRS ψ

Sucrose

Mg ha-1

kg ha-1

kg Mg-1

-------------------%-----------------

71
72

7933
7993

221
220

15.8
15.7

18.8
18.8

68
67

-

p-value

NS

NS

NS

NS

NS

NS

-

8346
7933
7675
8321
NS

229
225
217
220
NS

16.2
16.0
15.5
15.7
NS

19.1
18.9
18.6
18.7
NS

70
69
67
67
NS

-

p-value

73
70
71
74
NS

Linear
Quadratic
Cubic

-

-

-

-

-

-

-

Source*N Rate

NS

NS

NS

NS

NS

NS

-

Effect
Source
UAN ∞
CRF ᵞ

Rate, kg ha-1
0
45
90
135

Brix

Polarity

Net return
$ ha-1

NS: Not significant at 0.05 level of confidence
Ψ Theoretical recoverable sugar
∞ Urea ammonium nitrate
ᵞ Controlled-released fertilizer
≠ Net returns calculation = (sugar income – fertilizer cost) – (sugar income for control [no N]), where sugar income = sugar yield x
sugar price, and fertilizer cost = fertilizer input x price per unit of fertilizer
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Table 2. 5. Means and analysis of variance (ANOVA) for the effect of N source and rate on yield and quality parameters of plant cane
on Commerce silt soil in 2016, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
≠

Cane tonnage

Sugar yield

TRS ψ

Mg ha-1

kg ha-1

kg Mg-1

113
116

13530
13610

240
235

16.7
16.5

19.2
19.0

72
71

-

NS

NS

NS

NS

NS

NS

-

104
113
119
112

12615
13410
13827
13472

242
238
233
242

16.9
16.7
16.3
16.8

19.4
19.2
18.9
19.2

73
72
70
72

-

NS

NS

NS

NS

NS

NS

Linear
Quadratic
Cubic

<0.025
-

-

-

-

-

-

Source*N Rate

NS

NS

NS

NS

NS

NS

Effect

Source
UAN ∞
CRF ᵞ
p-value
Rate, kg ha-1
0
45
90
135
p-value

Sucrose

Brix

Polarity

------------------%--------------------

Net returns
$ ha-1

-

NS: Not significant 0.05 level of confidence
Ψ Theoretical recoverable sugar
∞ Urea ammonium nitrate
ᵞ Controlled-released fertilizer
≠ Net returns calculation = (sugar income – fertilizer cost) – (sugar income for control [no N]), where sugar income = sugar yield x
sugar price, and fertilizer cost = fertilizer input x price per unit of fertilizer

34

Table 2. 6. Means and analysis of variance (ANOVA) for the effect of N source and rate on yield and quality parameters of second
ratoon crop on Sharkey clay soil in 2017, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
Effect

Source
UAN ∞
CRF ᵞ
p-value
Rate, kg ha-1
0
45
90
135
p-value
Linear
Quadratic
Cubic
Source*N Rate

≠

Cane tonnage

Sugar yield

TRS ψ

Sucrose

Mg ha-1

kg ha-1

kg Mg-1

---------------------%-----------------------

65
64

6451
7066

202 B
216 A

14.5 B
15.5 A

17.7 B
18.5 A

62 B
66 A

340
558

NS

NS

0.016

0.012

0.007

<0.001

NS

53
62
65
67

5307
6402
7049
6828

198
207
216
204

14.3
14.9
15.4
14.7

17.5
18.1
18.4
17.9

61
64
66
63

-

0.011

0.010

NS

NS

NS

NS

<0.001
-

0.002
0.048
-

-

-

-

-

-

NS

NS

NS

NS

NS

NS

-

Brix

Polarity

Net returns
$ ha-1

NS: No significant 0.05 level of confidence
Ψ Theoretical recoverable sugar
∞ Urea ammonium nitrate
ᵞ Controlled-released fertilizer
≠ Net returns calculation = (sugar income – fertilizer cost) – (sugar income for control [no N]), where sugar income = sugar yield x
sugar price, and fertilizer cost = fertilizer input x price per unit of fertilizer
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Table 2. 7. Means and analysis of variance (ANOVA) for the effect of N source and rate on yield and quality parameters of first ratoon
crop on Commerce silt soil in 2017, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
Effect

Cane tonnage
Mg ha

Source
∞
UAN
CRF ᵞ
p-value
Rate, kg ha-1
0
45
90
135
p-value
Linear
Quadratic
Cubic
Source*N Rate

-1

Sugar yield
kg ha

-1

TRS ψ
-1

kg Mg

Sucrose

Brix

Polarity

---------------------%-----------------------

≠

Net return
$ ha-1

96
86

11050
9737

232
227

16.2
15.9

18.8
18.6

70
68

1290
794

NS

NS

NS

NS

NS

NS

<0.001

68
80
94
98

7338
9137
10593
11451

216
229
226
234

15.2
16.1
15.9
16.4

17.9
18.6
18.5
19.5

65
69
68
71

-

0.0013

<0.001

NS

NS

0.035

NS

<0.001
-

<0.001
-

NS
-

0.043
-

0.007
-

0.039
-

-

NS

NS

NS

NS

NS

NS

-

NS: not significant 0.05 level of confidence
Ψ theoretical recoverable sugar
∞ Urea ammonium nitrate
ᵞ controlled-released fertilizer
≠ Net returns calculation = (sugar income – fertilizer cost) – (sugar income for control [no N]), where sugar income = sugar yield x
sugar price, and fertilizer cost = fertilizer input x price per unit of fertilizer
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2.3.3. Evaluation of economic feasibility of controlled-release N technology
In 2016 on both Sharkey clay and Commerce silt soil, there was no significant difference
on net returns between UAN fertilized canes and CRF fertilized canes (Table 2.4 and Table 2.5).
Instead, a net loss was recorded for N fertilized plots in 2016 on Sharkey clay soil. However, a
positive impact in terms of net return increment ($218 ha-1) was estimated from the use of CRF
in 2017 on Sharkey clay soil (Table 2.6 and Table 2.8). On the Commerce silt soil in 2017, there
was a significant effect of N sources on net returns (p<0.001). The UAN-treated plots recorded a
higher return of $496 ha-1 relative to CRF-treated plots (Table 2.7 and Table 2.8).
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Table 2. 8. Net profit increment in CRF compared with UAN on sugarcane grown on a Sharkey clay soil and a Commerce silt soil for
the year 2016 and 2017 at the LSU AgCenter Sugar Research Station in St. Gabriel, LA.
Plant age
2016
First ratoon

Plant cane

Soil type

Treatment

$ kg-1 N

Fertilizer cost Sugar
†
yield
-1
$ ha
kg ha-1

Sugar
price
$ kg-1

ⁿSugar
Net
income
return
-1
------$ ha ----

0.93
1.04
0.11

83
94
11

7933
8208
275

0.36
0.36

2773
2861
88

-

0.93
1.04
0.11

83
94
11

13529
13610
81

0.36
0.36

4787
4806
19

-

0.93
1.04
0.11

83
94
11

6452
7068
616

0.37
0.37

2304
2521
218

340
558
218

0.93
1.04
0.11

83
94
11

11050
9737
1313

0.37
0.37

4005
3509
496

1290
794
(496)

Unit price

Sharkey clay
UAN
CRF
Difference
Commerce silt
UAN
CRF
Difference

2017
Second ratoon

Sharkey clay

First ratoon

UAN
CRF
Difference
Commerce silt
UAN
CRF
Difference

† Fertilizer cost = UAN/CRF input x UAN/CRF price, where input for both were 90 kg ha-1
‡ Net profit increment in UAN compared with CRF = (difference of sugar income – difference of fertilizer cost) – (sugar income for
control [no N]) and other way round when increment is in CRF.
ⁿsugar income = sugar yield x sugar price.
Difference = value in CRF – value in UAN or value in UAN – value in CRF. UAN price and CRF price were obtained from local
distributors.
Net return value in parentheses = loss incurred from using CRF
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2.3.4. Distribution and changes of NH4+-N and NO3--N content with CRF and CRF
Ammonium-N and NO3--N concentrations (mg kg-1) at 0-15 and 15-30 cm depth of
Sharkey clay and Commerce silt soil supplied with different N sources are presented in Figures
2.3 to 2.6 for the sugarcane cropping years 2016 and 2017. For 2016 and 2017, N fertilization
was done on April 19 and 25, respectively. For both soil types in 2016, higher NH4+-N was
measured in plots treated with UAN than with CRF for both 0-15 and 15-30 cm depth few weeks
after N application (May 5) (Figures 2.3 and 2.4). The soil NH4+-N levels between UAN- and
CRF-treated soils were very similar past three weeks after N application until harvest. The
concentration then decreased, and this trend continued until harvest.
The NH4+-N levels were higher in 2016 than 2017 on the Sharkey clay soil (Figure 2.3).
For the soil depth of 0-15 cm, NH4+-N content on Sharkey and Commerce silt soil have similar
peaks, with the highest peak observed two weeks after N application. In 2016, UAN-treated soil
showed higher levels of NH4+-N than CRF-treated soil at the 0-15 cm depth for both soil types,
but the opposite was seen in 2017. In both years and soil types, the N-treated plots recorded
relatively higher NH4+-N levels as compared to the control (no N fertilized) (Figure 2.4).
Considering NH4+-N concentration in the 15-30 cm depth of the soil, UAN had the highest value
in Commerce silt soil, with concentration around 16 mg kg-1 (Figure 2.4).
The soil NO3--N concentrations for UAN-treated plots at 0-15 cm depth on Sharkey clay
were higher in 2016 than 2017 (Figure 2.5). In 2016, the NO3--N at 0-15 cm depth of Sharkey
clay soil peaked on May 16 (Figure 2.5); this was two weeks after N fertilization where the
highest soil NH4+-N was recorded (Figure 2.3). In general, NO3--N levels for both years and
depths followed a similar trend. In 2017 on Sharkey clay soil at 0-15 cm depth, CRF-treated
39

plots recorded higher soil NO3--N (12 mg kg-1) than UAN-treated plots (8 mg kg-1) across all
sampling dates. On Commerce silt soil for the same year, NO3--N levels were similar for both
UAN- and CRF-treated plots, recording the highest peak on May 10, which was two weeks after
N fertilization. (Figure 2.5).
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Figure 2. 3. Sharkey clay and Commerce silt soil NH4+-N concentration at 0-15 cm depth at
different sampling dates from 2016 to 2017 treated with UAN and CRF, LSU AgCenter Sugar
Research Station in St. Gabriel, LA.
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Figure 2. 4. Sharkey clay and Commerce silt soil NH4+-N concentration at 15-30 cm depth at
different sampling dates from 2016 to 2017 treated with UAN and CRF, LSU AgCenter Sugar
Research Station in St. Gabriel, LA.
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Figure 2. 5. Sharkey clay and Commerce silt soil NO3--N concentration at 0-15 cm depth at
different sampling dates from 2016 to 2017 treated with UAN and CRF, LSU AgCenter Sugar
Research Station in St. Gabriel, LA.
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Figure 2. 6. Sharkey clay and Commerce silt soil NO3--N concentration at 0-15 cm depth at
different sampling dates from 2016 to 2017 treated with UAN and CRF, LSU AgCenter Sugar
Research Station in St. Gabriel, LA.
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2.4. Discussion
2.4.1. Determination of optimal N rate requirement.
Nitrogen source had no significant effect on cane tonnage, sugar yield and quality
parameters on both Sharkey clay (first ratoon crop) and Commerce silt (plant cane) soil in 2016.
Most research findings quantify N uptake pattern for CRF as a sigmoidal pattern (Wood et al.,
1996; Zhao et al., 2015). Wood et al. (1996) in their study found the N uptake pattern have 2 to 3
months lag period, followed by 80 to 120 day period of rapid N uptake, and this was confirmed
by Zhao et al. (2015). Based on the NH4+ and NO3- soil distribution on Sharkey clay in 2016,
levels of NH4+ and NO3- in 0-15 cm depth declined from 20 mg kg-1 in early May to about 12 mg
kg-1 in late May (Tables 2.3 and Table 2.5). This reduction may have affected the amount of N
taken up by cane after the month of May. A possible reason for this reduction could be attributed
to NO3-N loss via denitrification because of the poor drainage system of the Sharkey clay soil. In
2017 second ratoon crop on Sharkey clay soil, cane tonnage and sugar yield of plots fertilized
with N were significantly higher than the control plots (0 N) (p=0.05). However, in 2016 first
ratoon crop on the same soil, there was no significant difference between plots fertilized with N
and the control plots (p>0.05) (Tables 2.4 and 2.6). This lack of consistency was also observed
with the study of Lofton et al. (2012) showing that cane tonnage did not consistently respond to
applied N and if there was a significant response, the increase in yield due to N fertilization
differed between years.
In 2017 first ratoon on Commerce silt soil and second ratoon crop on Sharkey clay soil,
plots fertilized with N had significantly higher cane tonnage and sugar yield when compared
with unfertilized plots (no N). However, between UAN and CRF treated plots in 2017 on both
soils, there was no observable difference recorded for cane tonnage and sugar yield (Table 2.6
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and Table 2.7). This same pattern can be observed in the distribution trend shown in Figures 2.3
to 2.6, where plots treated with CRF tended to have similar levels as plots fertilized with UAN.
This may partially explain why no difference in terms of cane tonnage and sugar yield was
observed between plots fertilized with CRF and plots fertilized with UAN. This result is in
agreement with a study by Morgan (2009) on improved fertilizer use efficiency with CRF on
sandy soils in south Florida. She found no significant effect for any fertilizer source or rate at
harvest for cane biomass. In terms of the primary quality parameters (TRS, sucrose and polarity),
plots fertilized with CFR were statistically higher than plots fertilized with UAN (p<0.05).
The economic product of sugarcane is sucrose (Robertson et al., 1996) and most sugar
industries pay sugarcane farmers based on the cane sucrose content. Taking into account the
importance of the sucrose content of sugarcane, farmers may want to adopt the best management
practice possible to maintain a high sucrose content of the cane. Madhuri et al. (2011) reported a
reduction in sucrose content upon the application of high N rate. The release mechanism of CRF;
thus, not making all nutrients available at once but rather based on plant demand, may have also
contributed to achieving higher quality parameters (sucrose content, TRS, and polarity) in canes
treated with CRF on Sharkey clay soil in 2017. Levels of NH4+ and NO3- in the soil on Sharkey
clay soil for 2017 were higher on CRF-treated plots than UAN-treated plots (Tables 2.3 to 2.6).
Unlike UAN which releases most N at a faster rate, CRF has a gradual release pattern which
matches the nutrient demand of the cane during its critical growth period (Shaviv, 2000; Trenkel,
2010; Gonzalez et al., 2011). Others also indicated that high rate of N applied at once, is not only
prone to losses by various pathways, but more so, can reduce the sugar content of the cane
(Singh et al., 1996; Gopalasundaram et al., 2012).
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One of the objectives of this study was to determine the optimum rate requirement using
CRF and UAN as sources of N. Based on the trend analysis, cane tonnage, sugar yield, and
quality parameters of the first ratoon crop on Commerce silt soil in 2017 had a linear relationship
with N rates. For this reason, it was not possible to estimate the optimum rate for both 2016 and
2017 cropping years (Table 2.7). The cane tonnage and sugar yield of the second ratoon crop on
Sharkey clay soil in 2017 had a linear relationship with N rates; however, a quadratic
relationship between cane tonnage and N rate was found significant as well suggesting that 90 kg
N ha-1 was the optimum N rate (Table 2.6). The N recommendation established by LSU
AgCenter (Gravois et al., 2014) for sugarcane production in Louisiana ranges between 67 to 135
kg N ha-1. Other studies showed that, a lower N rate was needed if CRF was used as source to
achieve similar or better yields, because N is released in a controlled pattern, which may reduce
losses (Shaviv, 2000; Morgan, 2009; Trenkel, 2010).
2.4.2. Evaluation of economic feasibility of controlled-release N fertilizer
The profit margins of sugarcane producers will continue to narrow as input cost increases
whiles cane tonnage and sugar yield constantly remains the same (Salassi, 1999). Maximizing
net returns from the production of high cane tonnage by proper management of N fertilizer
should be one of the major concerns of producers. In 2016 first ratoon crop on Sharkey clay soil
and 2016 plant cane on Commerce silt soil, there was no net return calculation made due to lack
of response of sugar yield and quality parameters to N fertilization (Tables 2.4 and 2.5).
However, in 2017 second ratoon crop on Sharkey clay soil, plots treated with CRF were
significantly higher than plots treated with UAN on net return (p=0.009), recording a net return
increment of $218 ha-1 (Table 2.6 and Table 2.8). The reason for this high increment in net return
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from the use of CRF was attributed to the positive impact it had on yield and quality parameters
(TRS, sucrose and polarity) (Table 2.6). Similarly, Di Bella et al. (2015) attributed the high
returns from using CRF to the significant increase in cane and sugar yield. It is also important to
mention that in 2017 on Sharkey clay soil at 0-15 cm depth, CRF-treated plots had higher levels
of NH4+-N and NO3--N (Figures 2.3 and 2.5). This increase in soil content of NH4+-N and NO3-N also reflected on the higher sucrose content, TRS and polarity obtained in 2017 on Sharkey
clay soil. In 2017 on Commerce silt soil, there was a significantly higher return in UAN-treated
plots than CRF-treated plots (p<0.001), with net increment of $496 ha-1 (Table 2.7 and Table
2.8). Plots treated with UAN on the same year and soil type had higher significant effect on yield
and Brix (p<0.05). Others found no influence from CRFs use in sugarcane production (Wang et
al., 2014; Verburg et al., 2016)
2.4.3. Trend of NH4+-N and NO3--N in the soil
In 2016, NH4+-N concentrations above 20 mg kg-1 and 16 mg kg-1 were observed for
Sharkey clay and Commerce silt soil, respectively in UAN-treated plots two weeks after N
application. This higher concentration demonstrates that UAN is highly soluble and readily
releases N for plants uptake. According to the International Plant Nutrition Institute (IPNI,
2017), the composition of UAN solution makes it soluble and readily available for plants
absorption. In 2016, NH4+-N and NO3--N concentrations were higher when compared with 2017
in the Sharkey clay soil at the 0-15 cm depth, irrespective of N source.
In 2016 on both soil types at 0-15 cm depth, plots treated with UAN measured higher
NH4+-N concentrations than plots treated with CRF, but the opposite was observed in 2017
(Figure 2.3). This difference may have occurred due to the total amount and distribution pattern
of precipitation between 2016 and 2017. In 2017 in the month of May, there was higher amount
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of rain recorded as compared to 2016, and this was when most of the soil sampling was done
(Figure 2.2). For soils with high clay content such as the Sharkey clay soil, high amount of
precipitation may facilitate denitrification process, transforming NO3--N into unavailable form
for plant uptake. The Sharkey clay soil has poor drainage and mostly found to be water logged
compared with Commerce silt. Bioavailable N could be transformed into gaseous form under
anaerobic conditions (Keeney et al., 1972; Bernhard, 2010). Hofstra and Bouwman (2005)
documented that in agricultural soils, majority of N losses via denitrification were associated
with poor drainage soil conditions. In addition to this, the pH of Sharkey clay soil from the first,
mid-season, and post-harvest sampling dates averaged 6.1, 6.0 and 6.0, respectively at the 0-15
cm depth (data not shown) which was higher than the initial soil pH measured at 5.3 (Table 2.3).
Wlodarczyk (et al., 2007) noted a reduction in NO3-N concentration from 20 to 100% across a
variety of soil types was accompanied by an increased in the pH of strongly acid and acid soils.
During the sampling period, the trend for NH4+-N and NO3--N content at the 0-15 cm
depth of both soil types and year were very similar. Concentration were observed to be higher
few weeks after N application (to about 24 mg kg-1) and then decreased henceforth, till the time
of harvest (Figures 2.3 and 2.5). This decreasing trend may be due N losses via cane uptake
(plant removal), leaching, and denitrification. Consistent with the findings of this study, Wang et
al (2018) indicated that considering all the other N removal processes, soil denitrification is
considered the biggest with respect to agro-ecosystem.
The present study showed that the NH4+-N and NO3--N concentration for both soil types
decreased with soil depth. This agrees with the findings of Sadej and Przekwas (2007) in their
study of N levels in soil profile. Moreover, UAN-treated plots on Commerce silt soil in 2016
recorded higher NO3--N concentrations than CRF-treated plots at 15-30 cm depth. The high
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fraction of silt and sand in Commerce silt soil facilitated the downward movement of water and
N from the soil surface. Campos et al. (2018) had similar results on N release pattern from urea
with different coatings applied to a loamy soil. They recovered around 93% and 100% of urea-N
fertilizer within the first hour of incubation, but it took 19 days of incubation to recover less than
40% N from slow-release N fertilizer.
In 2016 in Sharkey clay soil, NH4+-N reached its peak two weeks before NO3--N peaked.
The increase in NO3--N concentration from 6 to 12 mg kg-1 in Commerce silt soil, and from 8 to
20 mg kg-1 in Sharkey clay soil, may be due to nitrification of NH4+-N. The predicted
nitrification process is supported by a study conducted by Broadbent et al. (1958). They showed
that the longer the NH4+-N (substrate for nitrification) stays in the soil the longer the process
continues. They further demonstrated that nitrification is soil moisture dependent and that it is a
two-step process mediated by two different bacteria with an intermediate product called nitrite.
2.5. Conclusions
Yield and quality component response to N fertilization and N source effect varied with
cropping year and soil type. The controlled-release N fertilizer tended to have positive impact on
yield and quality parameters of cane planted on Sharkey clay soil. Perhaps, the slow release of
NH4+-N from CRF prevented the accumulation of NO3--N which should had been likely
subjected to denitrification under the poor drainage condition of Sharkey clay soil. This
advantage generated a net return benefit of $218 ha-1 from the use of CRF over UAN. On the
other hand, UAN is very soluble leading to large releases on NH4+-N and NO3--N two weeks
after its application. The peak of NH4+-N and NO3--N levels on the well-drain Commerce silt soil
provided sufficient supply of N to cane during its active vegetative growth stage in May
returning a higher yield response and net profit of $496 ha-1 from using UAN over CRF.
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The findings of this study demonstrated that the potential benefits of using CRF as a
source of N in sugarcane production could be limited to soil types. This suggests that sugarcane
producers’ knowledge on soil information will help a proper decision making on N sources.
Taking into consideration that there is not much information documented on the use of CRF in
Louisiana sugarcane production, this study may serve as information source for future research
on CRF. It is also recommended that future studies focus on the release pattern of CRF on
different sugarcane growing soils in the state.
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Chapter 3. Evaluate the Potential of Controlled-Release Potassium Fertilizer
on Sugarcane (Saccharum spp) Grown on a Coarse and Heavy Textured Soil
3.1. Introduction
Sugarcane (Saccharum spp) is a perennial and an important industrial crop with a fourcarbon (C4) cycle photosynthetic pathway used for sugar and bioenergy production (Rein and
Mathias, 2011). It is viewed as one of the world’s most important crops which offers production
alternatives to food, in the form of sugar, fiber and energy (FAO, 2006). Sugarcane production
cycle typically lasts three to six years in most countries, of which two to five harvests are made
(Rein and Mathias, 2011). Sugarcane is harvested by cutting the emergent stem (or stalk) at the
ground (Vaughan, 2003; Gravois et al., 2014). The roots left in the ground after cutting the stem
are allowed to regrow or “ratoon”. The first crop that develops from the planted sets is called
plant cane and the successive crops are termed first ratoon (“first stubble”), second ratoon
(“second stubble”) etc. (Vaughan, 2003). In order for the cane to grow and for producers and
industries to profit, cane needs all the nutrients during its life cycle.
Among the soil nutrients, potassium (K) is the third most important macronutrient
element needed by plants. It has very important roles in the activation of several metabolic
processes, including photosynthesis, protein synthesis, and enzymes (Rehm and Schmitt, 2002).
Farmers have been using K for many years in the form of manures and ashes to increase the
fertility of their land, until it was fully understood and established by the Chemist, Liebig in the
1840s (Ricaud, 1965). Although K is one of the most abundant elements present in the soil, only
a small percentage of it is available for plant uptake (1-2 %). The rest are bound to other
minerals, and therefore not easily available for plant uptake (Meena et al., 2016). Soil
microorganisms play a key role in ion cycling and soil fertility (Lian et al., 2008), as certain
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bacteria are capable of disintegrating aluminosilicate minerals and liberating portion of the K it
contains (Meena et al., 2016).
Other functions of K are: regulating the opening and closing of stomata by guard cells in
the leaf, maintenance of cell turgidity, translocation of sugars and forming starch, encouraging
root growth and increasing crop resistance to diseases (Ricaud,1965; Flynn, 2010;
Gopalasundaram et al., 2012). Potassium is absorbed as K+ by roots and maintains its status as
K+ inside the plant. It is known for its high mobility at all levels inside the plant in both
individual cells, tissues, and in long distance transport via xylem and phloem (Meena et al.,
2016). Deficiency may cause reduced growth, short internodes, burned or scorched leaf margins,
necrotic (dead) spots in the leaf and a tendency to wilt readily (Ng Kee Kwong, 2002; Hunsigi,
2011). Excess K can provoke N deficiency in plants and may affect the uptake of other positive
ions (Flynn, 2010). Potassium can leach through the soil in the event of excess rain or irrigation.
Potassium uptake by plant is only via soil, but the availability of K to plants depends
greatly upon the K dynamics and total K content (Sparks, 1987). The imbalance fertilizer
application, and the inability of soils to hold K+ for a longer period, is making K deficiency a
major constraints in crop production (Meena et al., 2015a; Singh et al., 2015). For this has
prompted the need for an alternative and effective source of K for plants development, and as
well maintains K status in soil for supporting plants growth (Meena et al., 2015b). Potassium
availability in the soil can be also affected by K-fixing clay minerals. Illite and vermiculite is
known to adsorb K ions between its interlayers (Meena et al., 2016). The degree of K fixation
depends also on other factors such as; the type of clay mineral and its charge density, other
competing ions, the soil moisture content, soil pH among others (Sparks, 1987). Oborn et al.
(2005) pointed out that the fixation process of K is comparatively fast; however, the release of
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fixed K is very slow and is due to the strong binding force between K and clay minerals. Soil pH
also plays an important role in the K release.
Potassium fertilization in sugarcane production must be kept just adequate to produce an
optimum yield and to help regulate maturity so that maximum sucrose is recovered from the
millable canes (Ng Kee Kwong, 2002). It is important that maximum availability of K is ensured
during tillering of the cane because that is the stage at where K is needed most by sugarcane
(Gravois et al., 2014). The diverse soils across the state are derived from sediments left behind
by flooding, mainly due to the many rivers in Louisiana, and over one-fourth of the total land
area has rich alluvium soil deposited by the overflow of its rivers and bayous (Howard and
Norrell, 2017). The material from the sediments, called alluvium, is rich in nutrients considering
the high amount of organic material incorporated into it during deposition (Weindorf, 2008).
Different soil textures are also found across the state. Clay soils such as the Sharkey, Schriever,
Barbary and Fausse series are very common in areas of recent Mississippi river alluvium. Some
examples of silty soils found include, Frost, Memphis and Calhoun series (Weindorf, 2008).
Potassium fertilization is an important operation for sugarcane producers in the state
considering the numerous advantages it has on cane growth. Sugarcane is considered the most
valuable row crop and its industry is a vital part of the state’s agricultural economy with an
average annual contribution of more than $2 billion, while generating an overall economic value
of over $3 billion (American Sugarcane League, 2016). In spite of considerable variation in
annual production, the area under cultivation to sugarcane has remained remarkably stable
throughout the many years of its existence (Hilliard, 1979). Sugarcane is grown in more than 22
parishes in the south-central part of the state, extending from Rapides Parish near the center of
the state to Lafourche Parish, south of New Orleans and to the west near Lake Charles in
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Calcasieu Parish (USDA, 2014). About 17,000 employees are involved in the production and
processing of sugarcane in Louisiana (American Sugarcane League, 2016).
In Louisiana, conventional fertilizers are the common source for sugarcane production
with application done once during the growing period of the cane which generally occurs in
April. Nutrient management is closely associated with fertilizer type, rate, application time, and
application placement (Guodong et al., 2014). Using controlled-release fertilizer (CRF) in
specific circumstances can supply timely plant nutrient demand, maximize nutrient use
efficiency, and minimize environmental concerns (Hanlon and Hochmuth, 2013).
Controlled-release fertilizers are usually coated or encapsulated with inorganic or organic
materials that may control their rate, pattern, and time of plant nutrient release (Du et al., 2008).
The basic technique is to cover a conventional soluble fertilizer with a protective coating, which
is of a water-insoluble or semi-permeable material (Trenkel, 1997). The type of material used in
the coating of CRF is very important to releasing the nutrient (Li et al., 2012). The thickness of
the coating membrane, temperature, granule radius and soil microbes’ activities may also play a
critical role in the control of nutrient release (Du et al., 2008; Kaplan et al., 2013). The
advantages of using CRF do not only consist of higher profitability, but also for decreases in
environmental contamination (Tian et al., 2016). Trenkel (2010) mentioned that CRFs have
decreased nutrient loss. The use of CRF has an advantage of reduced cost of production, since
fertilization can be done one time instead of multiple times in some crops (Liu et al., 2014).
Moreover, CRF can help in better fertilization planning since its nutrient release pattern is predetermined (Trenkel, 2010).
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Application of K influences the percentage sugar in the cane and juice recovery,
particularly when harvest is delayed (Hunsigi, 2011). Sugarcane has this unique source-sink
system that stores photosynthate as soluble disaccharide and sucrose, which can reach high
concentrations up to 18% of cane fresh weight in commercial sugarcane varieties (InmanBamber et al., 2011; Wang et al., 2013). As the cane grows, sucrose synthesized in leaves is
translocated through phloem to stem internodes (McCormick et al., 2008; Wang et al., 2013).
Therefore, K has to be available to the cane during the most part of its growth. Introducing K in
the form of controlled-release technology is expected to make available K nutrient to the cane for
a longer period.
The objective of this study was to evaluate the potential of controlled-release K fertilizer
on sugarcane grown on a coarse- and heavy-textured soil. The specific objectives were: 1)
determine soil Mehlich-K distribution within 0-15 and 15-30 cm depth of soil at the critical
growth stages of sugarcane, 2) measure leaf K at critical growth stages of sugarcane and relate
with yield and quality components (sucrose, brix, TRS, polarity), 3) determine the effect of cane
treated with only muriate of potash (MOP) and a combination of MOP and controlled-release K
(MOP+CR-K) on cane tonnage and quality parameters, and 4) evaluate the economic feasibility
of CR-K technology in Louisiana sugarcane production.
3.2. Materials and Methods
3.2.1. Location, site description, and trial establishment
The study was established at the LSU AgCenter Sugar Research Station in St. Gabriel,
LA (Latitude 30°, 15’, 13” N; Longitude 91°, 06’, 05” W) from August 2015 to December 2017.
The field was planted to one of the most prevalent cane varieties in Louisiana sugar industry, L
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01-299. This variety was derived from the cross made between L 93-365 as the female parent
and LCP 85-384 as the male parent (Gravois et al., 2011). It has a high population of mediumsized stalks with excellent ratooning ability and excellent sugar yield potential (Gravois et al.,
2012). The experiment was established on two fields of different physical and chemical soil
properties (Tables 3.1 and 3.2). Composite soil samples were collected from both fields and
analyzed for soil pH and Mehlich-3 extractable plant-essential nutrients in order to correct any
deficiency. This was to ensure that N and K were the only limiting nutrients in the two fields.
Plots in the first field were made of three 15 meter-long by 1.8 meter-wide rows and the second
field had three 12 meter-long by 1.8 meter-wide rows with 1.5 meter-long alley between plots.
Hereafter, the first field is termed Sharkey clay soil and the second field as Commerce silt soil.
Using a whole-stalk harvester, stalks of sugarcane with an average of 1.2 to 1.8 m in
length were cut and piled into hauling equipment. Planting was done manually by placing three
to four whole stalks side by side into opened furrows with an 8 cm overlap in a horizontal
position. After planting, furrows were covered with soil and then compacted using a custom
roller packer, with the aim of conserving soil moisture during the germination process. The
treatments for this study were superimposed in a two-large field trials with treatments structure
consisted of eighteen combinations of urea-ammonium nitrate (UAN, 32% N) and controlledrelease fertilizer (Agrocote Max, 31% N) at rates of 45, 90, and 134 kg N ha-1 in mid-March and
mid-April. All N sources were applied with 80 units of potassium as muriate of potash (MOP,
60% K) and MOP + CRF (Agrocote KCl, 56% K). The treatment structure for this study is
presented below in table 3.1. Control plots were included and all treatments were replicated four
times in a randomized complete block design (first field) and a completely randomized design
(second field). Granular N fertilizers were applied by hand, evenly spread on the rows of plot
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which received such treatments, while liquid fertilizer was applied using an applicator with
‘knife-shaped’ bars into the sides of each row in the plots which received this treatment. Furrows
were tilled and covered immediately following N application. To achieve the objective of this
study, selected plots from the treatment structure were used and reported in Table 3.3.

Table 3. 1. Soil type and composition for both experimental sites at the LSU AgCenter Sugar
Research Station in St. Gabriel, LA for the year 2016 and 2017.
Site

Soil Type

Classification

% composition

Commerce silty clay
loam

Fine-silty, mixed, superactive,
nonacid, thermic Fluvaquentic
Endoaquepts
Very fine, smectic, thermic
Chromic Epiaquerts

35.5

fine-silty, mixed, superactive,
nonacid, thermic Fluvaquentic
Endoaquepts

100

Sharkey clay

Sharkey clay

Commerce silt

Commerce silt loam

65.5

Table 3.1 presents the sites, soil types, classification and their percentage compositions
for which this project was undertaken. The Sharkey clay soil is composed of; fine-silty, mixed,
superactive, nonacid, thermic Fluvaquentic Endoaquepts and very fine, smectic, thermic
Chromic Epiaquerts. The Commerce silt soil is composed of 100% fine-silty, mixed superactive,
nonacid, thermic Fluvaquentic Endoaquepts .
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Table 3. 2. Average values of the basic soil properties of both experimental sites before fertilizer
application (sampling depth is 0-15cm).
Soil type

Ca

Mg

K

P

S

-------------------(mg kg-1)--------------------

pH

OM

(1:1 water)

(%)

Sharkey clay

2219

466

165

45.7

8.5

5.3

2.1

Commerce silt

2587

352

200

128

16.3

7.1

2.1

Table 3. 3. Treatment structure description for both experimental sites at the LSU AgCenter
Sugar Research Station in St. Gabriel, LA for the year 2016 and 2017.
Treatment

N Source and Rate
CRF

1
2
3
4
5
6
7
8
9
10
11

K Source and Rate
UAN

CRF

---------------------------kg ha-1------------------------0
134
45
90
134
45
45
90
45
134
45
45
90
134

MOP
90
0
90
90
90
45
45
45
90
90
90

UAN: urea ammonia nitrate
MOP: muriate of potash
CRF: controlled-release fertilizer
3.2.2. Soil and leaf tissue sampling
Soil and leaf tissue samples were collected at an interval of 14 days from the time of
fertilizer application. Sixteen core samples at 0-30 cm depth were collected. Core samples were
divided into 0-15 and 15-30 cm sections and then homogenized. Soil samples were immediately
oven-dried at 60oC for at least 48 hours, processed using a Humboldt electric flail soil grinder
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and passed through a 2 mm sieve for K+ analysis. For each sampling, at least 20 leaves (2nd
dewlap or fully collared leaf) were collected from each plot. Leaf tissue samples were oven dried
at 60oC, processed and passed through a 2 mm sieve for leaf K content analysis.
3.2.3. Soil analysis
To determine soil K content, the Mehlich-3 procedure for soil extraction was used. Two
grams of oven-dried, ground soil was weighed into 125 ml plastic bottle and 20 ml of the
Mehlich-3 solution was added. Blanks and reference samples were included. The samples were
then put to shake on a reciprocal shaker at high speed and filtered using Whatman No. 42 filter
paper. Samples were then poured into 10-ml tubes and analyzed for K concentration using
Inductively Coupled Plasma (ICP). The initial pH of Sharkey clay soil was moderately acidic
(5.3). Soil pH from the first, mid-season and post-harvest sampling dates averaged 6.1, 6.0 and
6.0, respectively at 0-15 cm depth.
3.2.4. Leaf tissue analysis
To determine leaf K, the nitric acid-hydrogen peroxide digestion method was used. Of
each oven-dried sample, 0.5 grams was weighed into kimwipe (5x5 cm), twisted at the ends to
enclose sample and then placed into a labeled digestion tube. For every 36 samples weighed, two
blank (just the empty kimwipe) and two reference samples (0.25 grams) were added to make up
40 samples (only 40 spaces available on digestion block). After weighing samples into digestion
tubes, 5 ml HNO3 was added to each tube containing sample. Any plant tissue on the side of the
digestion tube was washed down by the acid. Samples were allowed to sit for 50 minutes. During
this time the digestion block was turned on and calibrated to the desired temperature (152155oC).
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After 50 minutes, each sample was mixed for about 5 seconds using vortex mixer before
placing in the digestion tray. The digestion tray with the samples was put on the digestion block
for 5 minutes to initiate vigorous boiling. At this time the tubes produced a brown frame. The
tray with the samples were removed from the digestion block and allowed to cool for 10 minutes.
After 10 minutes, 3 ml of H2O2 was added to each tube and tubes covered with small glass
funnels before placing on the digestion block for 2 hours and 45 minutes. Tubes with the
digested samples were removed from the digestion block and allowed to cool. Once cooled, each
sample was mixed using a vortex mixer and the digest was transferred into a 15 ml centrifuge
tube and the solution was brought to 12.5 ml after rinsing tubes with distilled water. Samples
were then filtered with Whatman No. 1 filter paper and transferred into-10-ml tubes for ICP
analysis.
3.2.5. Cane tonnage, sugar yield and quality components
Total plot weight was determined with a single-row, chopper harvester (CASE IH
Austoft® 8000 series cane harvester). The weight was taken with a modified single axle high
dump billet wagon fitted with electronic load sensor cells (Cameco Industries, Thibodaux, LA).
Ten whole plants were collected from the middle row of each plot, cleaned (leaves were removed
off from the stalk), and tops were cut about 10 cm below the apical meristem. The weight of the
ten stalks was added to the total plot yield. Average stalk weight was determined from the stalk
sample weights. Stalk samples were then shredded and analyzed by a SpectraCane automated
NIR analyzer (Bruker Corporation, Billerica, Massachusetts) to determine quality parameters
such as theoretical recoverable sugar (TRS), sucrose, Brix (total soluble solids), purity, polarity,
percent fibers and moisture content. Sub sample of shredded stalk was collected for each plot and
placed into a paper bag, then oven-dried at 60oC for at least five days. The dried samples were
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further milled using a Wiley Mill grinder (Model No3, Arthur H. Thomas CO. Philadelphia,
USA), and passed through a 2-mm sized sieve and then analyzed for K (%) using the nitric acidhydrogen peroxide digestion method followed by ICP analysis.
3.2.6. Data analysis
Statistical analysis was performed using SAS 9.4 (SAS Institute, 2012) for all the data
collected in each site-year. One way (source) analysis of variance (ANOVA) using PROC
MIXED procedure was performed to determine the effect on cane tonnage, sugar yield and
primary quality components, (sucrose, Brix, polarity and TRS). The pattern of K content of soil
within the two-year period was summarized using Excel. Mean separation was done by TukeyKramer post-hoc to test if the source (main effect) was significant at p<0.05. The linear
correlation (r) between leaf K content at different sampling times with cane tonnage, sugar yield
and quality parameters was determined using PROC CORR in SAS.
3.3. Results
3.3.1. Climate
Climate has influence on agronomic activities, specifically on fertilization and nutrient
management. Extreme precipitation and temperature conditions can impact negatively cane
production during their critical growth stages. The average monthly temperature and
precipitation for the two cropping years (2016 and 2017), for this study is presented in Figure 3.1
and Figure 3.2, respectively. Data for these figures were collected from Louisiana State
University (LSU) AgCenter Louisiana Agriclimatic Information System
(www.weather/lsuagcenter.com). The highest temperatures for both cropping years were
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recorded from June through September, where temperatures were above 20oC (Figure 3.1). In
general both years seemed to have recorded similar temperature ranges.
The highest average monthly precipitation for 2016 and 2017 year was recorded in
August (about 50 cm) and May (above 30 cm), respectively (Figure 3.2). In August 2016, the
state recorded one of its highest precipitations (about 50 cm) in history, which caused flooded
conditions in most parishes (Figure 3.2) (Di Liberto, 2016). Too much moisture can leach K
beyond the roots zones of crops, specifically, in Commerce silt soil. If this happens during the
critical growth stages of the crop, then it could eventually affect yield. The flooded condition in
August 2016 also delayed harvesting of sugarcane in most production areas in the state.

Figure 3. 1. Average monthly temperature from January to December in 2016 and 2017 at the
LSU AgCenter Sugar Research Station in St. Gabriel, LA.
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Figure 3. 2. Average monthly precipitation from January to December in 2016 and 2017 at the
LSU AgCenter Sugar Research Station in St. Gabriel, LA.
3.3.2. Effect of K sources on cane tonnage and quality parameters

In 2016, K fertilization did not result in significant increase in cane tonnage, sugar yield,
quality parameters and net returns for both first ratoon crop on Sharkey clay and plant cane on
Commerce silt soil (Table 3.4). In 2017 second ratoon crop on Sharkey clay soil, there was a
significant effect of K application on TRS, sucrose, Brix and polarity (p<0.05) (Table 3.5). Plots
treated with controlled-release N (CR-N) and 100% MOP (CR-N + MOP) obtained significantly
higher level of sugar yield and quality components compared with the plots treated with UAN
and 100% MOP (UAN + MOP). However, second ratoon and first ratoon crops treated with
UAN + MOP and CR-N + 50%MOP + 50% CR-K (CR-N + MOP + CR-K) had no significant
differences on these quality components (Table 3.5). With these outcomes, net return calculation
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was not performed for first ratoon crop on Sharkey clay soil and plant cane (2016) and first
ratoon crop (2017) on Commerce silt soil due to lack of response to K fertilization (Tables 3.4
and 3.5).
3.3.3. Leaf K correlation with yield and quality parameters

Tables 3.6 and 3.7 show the correlations of leaf K (measured at different sampling dates)
with cane tonnage, sugar yield and quality parameters for 2016 first ratoon and plant cane crops,
and 2017 second ratoon and first ratoon. In 2016 first ratoon on Sharkey clay soil, no significant
correlation was found between leaf K and yield or quality components. (Table 3.6). In 2016 first
ratoon crop on Sharkey clay soil, negative correlations were measured for all parameters from
week 8 to 18 after fertilizer application (AFA). However, in 2016 plant cane on Commerce silt
soil, there were significant positive correlations measured (r=0.463 and 0.497) between leaf K
and cane tonnage, in week 10 and 14 AFA at p<0.01 level of significance (Table 3.6). In 2016
plant cane, leaf K in week 8 AFA had highly negative significant correlations with sucrose, Brix
and TRS with r values of 0.573, -0.588 and -0.561, respectively (p<.001). In 2017 second ratoon
crop on Sharkey clay soil, leaf K across sampling times had no significant correlation between
yield and quality components (Table 3.7). However, on Commerce silt soil in 2017 first ratoon
crop, the highest positive correlation measured (r=0.3282, p<0.05) was between leaf K measured
in week 18 AFA and cane tonnage.
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Table 3. 4. Means and analysis of variance (ANOVA) for the effect of K source on yield and quality parameters of first ratoon crop on
Sharkey clay and plant cane on Commerce silt soil in 2016, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
Site

Effect

Cane
tonnage

Sugar
yield

TRS ψ

Mg ha-1

kg ha-1

--------------------- % -----------------------

Sucrose

Brix

Polarity

Net returns
$ ha-1

Sharkey clay
Control (0 K)
UAN + MOP
CR-N + MOP
CR-N + (MOP+CR-K)
p-value

71
71
72
73

8037
7933
7896
8258

225
222
220
225

16.0
15.8
15.7
16.0

19.1
18.8
18.8
19.0

69
68
67
69

-

0.969

0.9151

0.861

0.836

0.747

0.828

-

116
113
116
115

13241
13529
13610
13649

228
240
235
237

16.1
16.7
16.5
16.6

18.9
19.2
19.0
19.0

69
72
71
71

-

0.788

0.926

0.242

0.3015

0.630

0.317

-

Commerce silt
Control (0 K)
UAN + MOP
CR-N + MOP
CR-N + (MOP+CR-K)
p-value

UAN: urea ammonium nitrate
MOP: muriate of potash
CR-N: controlled-release nitrogen
CR-K: controlled-release potassium
Net returns calculation = (sugar income – fertilizer cost) – (sugar income for control [no K]), where sugar income = sugar yield x
sugar price, and fertilizer cost = fertilizer input x price per unit of fertilizer
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Table 3. 5. Means and analysis of variance (ANOVA) for the effect of K source on yield and quality parameters of second ratoon crop
on Sharkey clay and first ratoon crop on Commerce silt soil in 2017, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
Site

Effect

Sugar
yield

TRS ψ

Mg ha-1

kg ha-1

----------------------- % -----------------------

$ ha-1

62
64
65
64

6183 B
6451 B
7068 A
6703 AB

201 B
202 B
216 A
209 AB

14.5 B
14.5 B
15.5 A
15.0 AB

17.9 AB
17.7 B
18.5 A
18.0 AB

62 B
62 B
66 A
64 AB

71 A
264 A
164 A

0.828

0.0906

0.0391

0.0323

0.0189

0.0310

0.2055

97
96
86
92

11178
11051
9737
10390

231
232
227
226

16.2
16.3
16.0
15.9

18.9
18.8
18.6
18.5

70
70
68
68

-

0.332

0.197

0.569

0.481

0.246

0.465

-

Cane
tonnage

Sucrose

Brix

Polarity

Net returns

Sharkey clay
Control (0 K)
UAN + MOP
CR-N + MOP
CR-N + (MOP+CR-K)
p-value
Commerce silt
Control (0 K)
UAN + MOP
CR-N + MOP
CR-N + (MOP+CR-K)
p-value

UAN: urea ammonium nitrate
MOP: muriate of potash
CR-N: controlled-release nitrogen
CR-K: controlled-release potassium
Net returns calculation = (sugar income – fertilizer cost) – (sugar income for control [no K]), where sugar income = sugar yield x
sugar price, and fertilizer cost = fertilizer input x price per unit of fertilizer
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Table 3. 6. Correlation coefficient (r) of leaf K and cane tonnage, sugarcane yield, and quality parameters at different sampling time
on Sharkey clay and Commerce silt soil in 2016, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
Soil type (crop)

Week 4

Week 6

Week 8

Week 10

Week 14

Week 18

---------------------------------------------- r -----------------------------------------------------Sharkey clay (first ratoon)
Cane tonnage
Sugar yield
Sucrose
Brix
TRS

-

0.239
0.230
0.094
0.101
0.091

- 0.022
-0.054
-0.126
-0.138
-0.122

- 0.150
-0.205
-0.242
-0.155
-0.266

- 0.053
-0.096
-0.148
-0.113
-0.157

- 0.208
-0.197
-0.076
-0.059
-0.157

0.147
- 0.027
- 0.280
- 0.300
- 0.271

0.164
- 0.184
- 0.573***
- 0.588***
- 0.561***

0.463**
0.126
- 0.515**
- 0.470**
- 0.520**

0.497**
0.244
- 0.378*
- 0.335*
- 0.384*

0.212
0.041
- 0.257
- 0.221
- 0.263

Commerce silt (plant cane)
Cane tonnage
Sugar yield
Sucrose
Brix
TRS

0.124
- 0.014
- 0.211
- 0.179
- 0.216

TRS: Theoretical recoverable sugars
*p<0.05, **p<0.01, ***p<0.001
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Table 3. 7. Correlation coefficient (r) of leaf K and cane tonnage, sugarcane yield, and quality parameters at different sampling time
on Sharkey clay and Commerce silt soil in 2017, LSU AgCenter Sugar Research Station, St. Gabriel, LA.
Soil type (crop)

Week 4

Week 6

Week 8

Week 10

Week 14

Week 18

--------------------------------------------- r ----------------------------------------------------Sharkey clay (second ratoon)
Cane tonnage
Sugar yield
Sucrose
Brix
TRS
Commerce silt (first ratoon)
Cane tonnage
Sugar yield
Sucrose
Brix
TRS

0.042
0.039
0.020
0.042
0.010

- 0.113
- 0.140
- 0.091
- 0.120
- 0.081

0.201
0.141
- 0.071
- 0.112
- 0.057

0.027
- 0.014
- 0.078
- 0.089
- 0.074

0.094
0.197
0.242
0.229
0.243

0.094
0.110
0.017
- 0.014
0.028

0.042
-0.020
- 0.225
- 0.232
- 0.218

0.278
0.283
0.020
0.062
0.025

0.231
0.233
0.062
0.111
0.046

0.281
0.266
0.014
0.069
- 0.014

0.328*
0.281
- 0.108
- 0.071
- 0.118

TRS: Theoretical recoverable sugars
*p<0.05, **p<0.01, ***p<0.001

75

3.3.4. Evaluation of economic return using controlled-release K technology
To estimate net return from applying CR-K, 100% MOP was used as a reference. Thus
whatever profit or loss incurred from the use of 50% CR-K+50% MOP was compared to net
returns from using 100% MOP (Table 3.8). There was no net return estimate for 2016 for both
first ratoon crop on Sharkey clay soil and plant cane on Commerce silt soil due to lack of
response to K fertilization (Tables 3.4 and 3.8). The use of MOP+CR-K recorded a higher net
increment of $155 ha-1 compared to the use of only MOP on Sharkey clay soil in 2017 second
ratoon crop (Table 3.8). The higher net profit was attributed to the higher sugar yield (491 kg ha1

) produced by cane treated with MOP+CR-K (than the only MOP-treated plots) translating it to

$182 ha-1 higher sugar income which was more than enough to offset the $27 ha-1 additional cost
from using 50% CR-K. There was no net return calculated for 2017 first ratoon crop on
Commerce silt soil, also due to lack of response to K fertilization (Tables 3.5 and 3.8). Both K
sources when compared to the control (no K) recorded losses on Sharkey clay soil in 2016 and
Commerce silt soil in 2017 (Table 3.8).
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Table 3. 8. Net profit increment from using CR-K+MOP compared with MOP only on sugarcane grown on a Sharkey clay soil and a
Commerce silt loam for the year 2016 and 2017, LSU AgCenter Sugar Research Station in St. Gabriel, LA.
Year
2016
First ratoon

Plant cane

2017
Second ratoon

First ratoon

Site

Treatment

Sharkey clay
MOP
MOP + CR-K
Difference
Commerce silt
MOP
MOP + CR-K
Difference
Sharkey clay
MOP
MOP + CR-K
Difference
Commerce silt
MOP
MOP + CR-K
Difference

Sugar
yield
kg ha-1

Sugar
price
$ kg-1

ⁿSugar
‡Net
income
return
-1
-------$ ha --------

46
73
27

8095
7994
101

0.36
0.36

2995
2957
38

-

0.551
0.756
0.205

46
73
27

13589
13610
21

0.36
0.36

5028
5036
8

-

0.551
0.711
0.205

46
73
27

6577
7068
491

0.37
0.37

2433
2615
182

99
254
155

0.551
0.711
0.205

46
73
27

10720
9737
983

0.37
0.37

3966
3603
363

-

Unit
price
$ kg-1 K

Fertilizer
cost †
$ ha-1

0.551
0.756
0.205

† Fertilizer cost = MOP/CR-K+MOP input x MOP/CR-K+MOP price, where total input for both were 90 kg ha-1
‡ Net return increment in MOP+CR-K compared with MOP = (difference of sugar income – difference of fertilizer cost) – (sugar
income for control [no K]) ⁿsugar income = sugar yield x sugar price
Difference = value in MOP+CR-K – value in MOP or value in MOP – value in MOP+CR-K.
MOP price and CR-K price were obtained from local distributors
- Net loss
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3.3.5. Distribution of soil K content on a Sharkey clay and Commerce silt soil
Soil K content for the 2016 and 2017 crop years on Sharkey clay and Commerce silt at 015 and 15-30 cm depth is presented in Figures 3.3 and 3.4. These figures show how K+ was
distributed in the first 30 cm depth of the soil for the two years of this study. In both years on
Sharkey clay soil at 0-15 and 15-30 cm depth, plots treated with K showed higher soil K+ content
than untreated plots (no K) (Figures 3.3 and 3.4). However, on Commerce silt soil for the same
period and depth, the untreated plots (no K) measured higher K+ concentration relative to Ktreated plots. On Sharkey clay soil for both years at 0-15 cm depth, CRF+MOP treated plots
generally measured higher K+ content across the sampling periods. There was no evident peak in
soil K was observed after fertilization from any of the K treated plots (Figures 3.3 and 3.4). A
drop in K+ content for both fertilized and unfertilized (no K) was observed in May 2017
sampling on Commerce silt soil at both soil depth (Figure 3.3 and Figure 3.4).
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Figure 3. 3. Sharkey clay and Commerce silt soil K+ concentration at 0-15 cm depth at different
sampling dates from 2016 to 2017 treated with MOP and CRF+MOP, LSU AgCenter Sugar
Research Station in St. Gabriel, LA.
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Figure 3. 4. Sharkey clay and Commerce silt soil K+ concentration at 15-30 cm depth at different
sampling dates from 2016 to 2017 treated with MOP and CRF+MOP, LSU AgCenter Sugar
Research Station in St. Gabriel, LA.
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3.4. Discussion
In 2016 first ratoon crop on Sharkey clay and plant cane on Commerce silt soil, there was
no yield and quality components response to K fertilization observed (Table 3.4). Also, K
fertilization had no significant effect on yield and quality parameters in 2017 first ratoon crop on
Commerce silt soil (Table 3.5). Several factors may have influenced the above mentioned
outcomes. Firstly, a sufficient level of K was measured in Commerce silt soil (levels above 150
mg kg-1) at depth 0-15 and 15-30 cm before K fertilization (Figures 3.3 and 3.4). Based on the
soil test K interpretation established for sugarcane production (plant and ratoon crop) in
Louisiana, silt loam soil such as the Commerce silt soil recommends an application of 90 kg K
ha-1 for a soil K level < 141 mg kg -1, and no K application for soils K level > 158 mg kg-1. The
trends of K+ concentration with sampling time were similar in both K fertilized plots and the
control (0 K) plots. Meyer and Wood (2001) mentioned that sucrose recovery and increase in
yield is evident in soils deficient in K. Khosa (2002) reported no significant effect on yield and
quality components of cane treated with two different K sources, because of sufficient soil K
levels. This result also agrees with a study by Ng Kee Kwong (2003), where response of K was
only seen when soil K content was below 117 mg kg-1. Secondly, it is possible that the increase
in K brought by K fertilization was not high enough to cause significant impact on yield and
quality components. For example, in Figure 3.3, where levels of K measured from plots treated
with MOP and CR-K+MOP were slightly higher than the control plots (0 K).
In 2016 on Sharkey clay soil, there was an evident increase in soil K concentration with
K fertilization but not high enough to cause a significant effect on yield and quality components.
Considering the critical soil K levels for Louisiana sugarcane production, it is recommended that
a Sharkey clay soil with medium soil K levels (317 mg kg-1) should be applied with 90 kg K ha-1.
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This can also explain why there was a response to K fertilization on the Sharkey clay soil in 2017
second ratoon. On the other hand, the absence of significant impact observed from K treated
plots in 2016 first ratoon could be attributed to unfavorable growing conditions. In August 2016
and May 2017, high precipitation was recorded (Figure 3.2) wherein some portions of both soils
(Sharkey clay and Commerce silt soil) were water logged for a few days. A drop in measured K
concentration was observed in May 2017 sampling period on both Sharkey clay and Commerce
silt soil (Figures 3.3 and 3.4). Because no soil sampling was done after May, no evidence could
be provided for soil K concentration, specifically, for August 2016 where a high record
precipitation (above 50 cm) was observed (Figure 3.2).
The above mentioned factor (water-logged conditions from high precipitation) may have
caused some unfavorable growing conditions that masked the positive effect of K fertilization on
yield and quality components. Redman and Patrick (1965) confirmed that water-logging is very
common with most Louisiana soils because of high precipitation and poor surface and internal
drainage of some soils. International Plant Nutrition Institute (1998) stated that, excess moisture
reduces K availability and uptake by crops. Steffens (2005) in his study mentioned that waterlogging resulted in a significant decrease in shoot dry weight production of both plant species on
soil. When plant roots are under water logged conditions, they shift from aerobic respiration in
the mitochondria to glycolytic generation of ATP, which may cause a reduction of available
energy for maintenance (Elzenga and Veen, 2010).
In 2017 second ratoon crop on Sharkey clay soil, plots fertilized with K were
significantly higher than the control plot (p<0.05) in terms of TRS, sucrose, Brix and polarity
(Table 3.5) and soil K concentration (Figure 3.3). The presence of sufficient soil K enables K+
function in the cane. Due to the unique role of K in the synthesis and transport of photosynthates
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to plant reproductive and storage organs, K is important for crop quality characteristics (Hunsigi,
2011; Havlin et al., 2013). Ng Kee Kwong (2003) noted that K plays a role in sugar translocation
from sugarcane leaves to the stalk. Ashraf et al. (2009) also reported a significant effect of K
treated plots on quality parameters (Brix, sucrose and polarity). Watanabe et al. (2017) also
confirmed the K fertilization influence on quality of cane. The result agrees with Meyer and
Wood (2001) study, stating the positive influence of K to cane juice quality.
A net return increment of $155 ha-1 was estimated for the use of 50% MOP + 50% CR-K
as compared to the use 100 % MOP. This increment can be connected with the higher levels of
soil K+ measured in plots treated with 50% MOP + 50% CR-K (Figures 3.3 and 3.4). The levels
of soil K+ content in plots treated with 50% MOP + 50% CR-K were observed to be slightly
higher than plots treated with 100% MOP. The combination of MOP + CR-K tended to supply
more available K than 100% MOP. One of the advantages of CR-K is its ability to last longer in
the soil. For a long duration crop like sugarcane, it is important to ensure sufficient supply of K
for growth and development. A study by Changhua et al. (2012) which evaluated a combination
of CR-K and soluble-K showed significant effect on yield and K content. Bley et al. (2017) noted
that it is important that the need of crops for K in the early stage is met by a quick release.
Perhaps this partly explains the reason why combinations of 50% MOP + 50% CR-K made a
difference in this study.
Wang et al. (2004a) stated that K is controlled by dynamic interactions among the
different K pools, and lack of understanding of these dynamics may lead to mismanagement of
soil fertility. From Figures 3.3 and 3.4, soil K content by Mehlich-3 extraction procedure is
higher in the control plots (0 K) as compared to plots which received K on Commerce silt soil. It
is not yet fully understood why soil K content in Commerce silt soil of the control plots
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measured higher than K fertilized plots. This same trend was observed in other elements like
calcium (Ca), magnesium (Mg), and sodium (Na), which is believed to have some competition
with soil available K (data not shown). Years ago, soil K was measured based on ammonium
acetate procedure by LSU AgCenter Soil Testing and Plant Analysis Laboratory. It was assumed
that the two extraction procedures (Mehlich-3 and ammonium acetate) extract both soil K and
exchangeable K with most soils. Wang et al. (2004b) noted that different soil types may affect K
extraction efficiency of the two methods, because Mehlich-3 extractable K is slightly different
than that of ammonium acetate. But with the unique composition of Commerce silt soil (different
parent materials), it is not clear how the dynamics of K in the soil affect the interpretation of soil
test K. Sparks (2001) mentioned that greater portion of K in the soil is in the mineral form as Kbearing primary minerals such as muscovite, biotite, and feldspars.
Therefore, the release of K from primary and secondary minerals may be faster because
of the lower concentration of solution K in the control plots. Mehlich-3 perhaps measured the
form of K from the primary and secondary minerals and not the K released by MOP or CR-K in
the soil solution. Scott and Smith (1987) stated that because soils have different mineral
composition, not all exchangeable K is usually determined, for some reasons like; extraction
period and the extent to which the replacing cation and procedure limit the blocking effects of
fixable cation in solution. More investigation may be necessary in the future to help clarify the
form of K extracted by Mehlich-3 extraction procedure.
Overall, leaf K at any sampling time did not yield a strong linear relationship with yield
and quality components. The only sampling time where leaf K had significant correlation with
quality components was at week 8, 10 and 14 AFA and only in 2016 plant cane on Commerce
silt soil; in addition, the correlations were negative (p<0.05). There is no document on the
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relationship of leaf K with yield and quality components of sugarcane in Louisiana nor on
sugarcane leaf K optimum ranges. Therefore, this information is important for future work
designed to establish K fertilization guidelines using sugarcane leaf K content.
3.5. Conclusions

The lack of sugarcane yield and quality components response to K fertilization on the
Commerce silt soil was mainly due to its marginally sufficient levels of K. On the other hand the
importance of K fertilization on quality parameters was demonstrated on the second ratoon crop
on Sharkey clay soil. Here, the combination of 50% MOP + 50% CR-K source had advantage
over 100% MOP, achieving a net return increment of $155 ha-1. Potassium fertilization raised
soil K level of Sharkey clay soil which partially supported the positive response in yield and net
return obtained by cane grown on this soil. The uncommon outcome on K content of the
Commerce silt soil in response to K fertilization, i.e. K-treated plot had lower soil K content than
the control plots, was speculated to be related to the limitation of Mehlich-3 procedure in
estimating soil K in certain soil types. Sugarcane leaf K monitoring did not provide clear and
consistent information on yield and quality components.

Knowledge on the soil information is critical in making decision on source of fertilizer.
This study also shows the potential of combining soluble and CRF sources of K to improve cane
quality and as well increase profit margin. This study also provides baseline information for
future research on CRFs and leaf K-based fertilization guidelines in sugarcane production.
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Chapter 4. Conclusions
Proper fertilizer management practices are a key component of sugarcane production
systems in Louisiana. This study was established to evaluate the potential of controlled-release N
and K fertilizer in sugarcane production in Louisiana. Urea-ammonium nitrate (UAN) is the
common N source for sugarcane production in the state. With the high amount of precipitation
(>150 cm) that sugarcane production areas receive annually, UAN application and management
is becoming more challenging. The introduction of this controlled-release technology is not only
expected to increase yield but also to ease fertilizer application and management.

This study was established on two different soil types, Sharkey clay and Commerce silt soil.
From the results of this study, CRF tended to have positive impact on sucrose, TRS, Brix and
polarity. In terms of fertilizer source performance on Sharkey clay soil, CRF had an advantage
over UAN, as it recorded a net return increment of $218 ha-1. Variations were observed among
results from one year to another and between soil types. The effectiveness of UAN was observed
on Commerce silt soil, where it made a net profit of $496 ha-1. Considering the benefit that
quality components have on the profit margin of sugarcane producers and the sugar industries, it
is worth giving CRFs some attention. The slower release of N from CRF, apart from its benefit
on cane yield and quality parameters, is designed to reduce N losses in order to improve N use
efficiency.
Sugarcane crop takes large amount of K for its growth and quality improvement. From
this study, the Commerce silt soil had sufficient amount of K (> 150 mg kg -1), and therefore
yield and quality components did not respond to K fertilization. However, based on the soil
critical K levels set for Sharkey clays soils in Louisiana sugarcane production (medium soil K
levels =317 mg kg-1), canes on Sharkey clay soil in this study responded to K fertilization due to
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insufficient levels of initial K (<160 mg kg-1). Combination of soluble K and CR-K source
tended to be beneficial and made a net return of $155 ha-1 higher than 100% soluble K.
Very little information is documented about CRFs use in Louisiana sugarcane production,
making this study a source of baseline information for future research. Although, the benefits of
CRF in sugarcane production had been recorded in other places, it was necessary for its
evaluation on Louisiana soils, for better fertilizer planning. This study shows the potential
benefits of using controlled-release N and K fertilizer on quality of sugarcane in certain soil
types thus knowledge on soil information is critical in making decision on source of fertilizer.
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